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Abstract 


Throe  neu/  foci  of  TBC  virus  uiere  located  in  Upper 
Austria. 

Shrews  are  now  essential  for  virus  cycle  in  Lower 
Austria . 

Survey  with  sora  of  game  showed  that  TBE  foci  am 
scarcer  in  the  West  than  in  the  East  of  Lower  Austria. 

HI  tost  was  as  specific  but  loss  sensitive  than  the  i\lT. 

Receptor-analogue  substances  for  TBE  virus  are 
probably  Ca-  and  Mg-salts  of  polyphosphoinositides. 

Different  strains  of  TBE  virus  induced  the  same 
level  of  interferon  in  babymouse  brain.  Other  viruses 
of  thei  TBE  complex  gave  slightly  higher  interferon  ti¬ 
ters.  The  interferon  inducing  compound  Poly  I:C  oxhi- 
bitod  oxcollent  protection  against  infection  with 
TBE  virus  in  mico. 

Experimental  studios  showed  that  foxes,  polecats 
and  woasois  can  act  as  host  of  TBE  virus. 

The  main  arthropod  and  vortobrato  hosts  of  Tahyna 
and  Calovo  viruses  wore  establishod.  Hoithor  hotorc- 
thermol  nor  poikilothormal  vertebrates  can  maintain  tho 
virus  cyclo  in  winter.  Ovorwintoring  of  Calovo  virus 
in  Anopholos  maculiponnis  is  concoivablo. 

"narburg  virus"  replicated  in  Aocies  aegypti  but 
foiled  to  multiply  in  Anopholos  maculipennis  and  in 
Ixodos  ricinus.  Tho  virus  did  not  induce  formation  of 
interferon  in  brains  of  baby  mico  and  was  not  inhibited 
by  Poly  I:C.  Tho  agent  producos  CPE  in  ELF  colls.  CF  tost 
was  found  to  bo  useful  for  diagnosis  of  "I’larburg  virus" 
disease . 

Animals  from  Anatolia  had  antibodies  against  arbo- 
virusos  of  groups  A  and  0. 
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TICK-BORNE  ENCEPHALITIS  (TBE) 


field  Studies 


(l)  Introduction 

In  last  year'o  raport  i-Eontract*  Number  bA37-67-C-0548) 
inuestigatione  on  the  ecology  of:TBE  virus  were  reported 
cerried  out  in  1967  in  different  areas  of  Lou.er  and  Upper 
Austria,  Northern  Moravia  and  Slovakia. 

Several  strains  of  TBE  virus  uere  isolated  from  ticks. 
The  role  of  small  mammals  within  the  cycle  of  TBE  virus  was 
further  established  by  means  of  a  serological  survey. 

Since  Crech  investigators  (Kozuch, 0. , Nosek,3. , 
Lichard,M,,  Chmela,!.  u.Ernek,E.)  claim  that  shrews  can  act 
as  a  reservoir  of  the  virus,  we  attempted  to  evaluate. the 
significance  of  these  animals  in  a  focus  in  Lower  Austria. 

By  mark  and  release-trapping  a  home  range  of  approximately 
600  m2  was  determined  end  a  low  parasitstion  with  ticks  was 
found. 

Finally,  a  survey  was  started  with  sera  of  game  which 
eventually  should  give  a  complete  picture  of  the  geographic 
distribution  of  TBE  virus  in  Austria. 

In  1966,  the  studies  were  continued.  Apart  from  the 
surveillance  of  TBE  virus  in  Lower  Austria  by  attempts  at 
virus  isolation  from  ticks  - collectad-.-in-known- foci  of 
TBE  virus,  us  searched  for  new  foci  in  Upper  Austria,  where 
in  recent  years  an  incroasing  number  of  cases  of  TBE  was 
recorded.  Ue  also  pursued  the  studies  on  shrews  and  the 
survey  with  sera  of  gams. 

The  investigations  on  viremia  of  wild-living  animals 
after  infection  with  TBE  virus  which  also  elucidate  their 
role  in  the  virus  cycle 'in  nature  are 'ri'p6rted~ei8Buhere 
(see  page'?)\p). 

f2)  Methods 

(2.1.)Tick8i 

Nymphs  and  adults  of  Ixodes  ricinus  uere  Collected  by 
flagdragging  and  transported  to  the  laboratory.  The  nymphs 
were  homogenized  in  pools  of  10-20  individuals,  _tba  adults 
in  pools  of  5-10  individuals,  "respectively,  suspended  in  a 
medium  consisting  of  PBS  and  10  %  horse  serum  and  inoculated 
intracerebrally  into  baby  mice.  The  animals  uere  observed  for 
14  days. 


Preceding  Page  Blank 


In  an  or0Q  of  about  ono  hootat  noai'  Hornotoln  omall  mom'- 
mol  tropo  uoro  uot  up  obout  IS  moiato  from  oaolt  uiber.  Troin 
Moroli  1960  until  Nooombot  I960  flvo  oxcuroione  wore  done 
(the  datee  ond  rooulte  of  oxourolona  ore  llotod  in  Toblo  ?,). 
The  traps  uoro  baitod  with  broad  ooakod  in  hotnogonizod 
larvQO  of  Ton^rio  molitor.  Traps  uioro  inopootod  fciuo  to  five 
times  during  tho  night*  captured  ohreuo  uoro  inwestigotecl 
according  to  mothodo  doectibod  in  loot  yoor'o  report  (Con-' 
traot  Number  aA37-67-C-054e) . 

The  laot  two  exoureiono  ware  dono  to  onothor  location 
about  5  km  south  of  the  above  mentioned  aroa« 


Ula  obtained  blood  somploe  of  game  from  different  aroao 
of  Lower  Auotrio.  Sera  woro  tested  for  tho  prosenco  of  both 
hofflogglutinatlonoinhibiting  and  noutrolizing  antibodies.  The 
latter  uoro  aeooyod  in  L  cello  in  which  TBC  virus  was  found 
to  give  0  complete  CPC.  The  cells  uoro  grown  ae  deooribod 
olaowhero  in  thlo  report  (see  pagoyif  ).  The  sera  were  tooted 
in  a  dilution  IjS  against  30-300  TC0^„  of  tho  uiruo. 


Tho  rooulta  of  tlok-oolloctlng  and  of  virus  isolations 
aco  Hated  in  Table  1. 

(3.-1)  ■  ,GflGdgr  (iowor  Austfio) » 

In  1960,  tho  firot  oxourolon  was  dona  on  May  4-5,  From 
uS8  nymphs  and  50  adults  no  virus  could  bo  ieolcstod.  In  tho 
second  excursion  which  wao  done  on  Soptombor  21-2iJ,  3S2  nympho 
and  12  adults  uoro  ooHoctod.  Ono  stroin  of  T0E  virus  was 
isolated  from  a  pool  of  17  nymphe. 

(3.2)  Strelzhof  (Lowor  Auetrio); 

In  tho  spring  oxcursion  in  1960  which  wee  carried  out 
on  May  2B  and  26,  a  total  of  1003  nympho  and  213  odulto  uoro 
collected.  No  virus  could  bo  isolatod*  During  tho  cocond  ex¬ 
cursion  in  autumn  (Soptombor  14-15),  232  nympho  and  23  odulto 
wore  colloctod  ond  tostod  for  virus j  Throe  etrolno  of  TOE  viruo 
wore  iaolotod  from  pools  consisting  of  23  nympho,  26  nympho 
ond  2  maloo  and  20  nympho,  respeotlvoly. 

(3.3)  Hernatain  (Lowor  Auetria)? 

On  Ouno  15  and  16,  409  nymphs  and  30  adults  uoro  oollec- 
tod.  No  viruo  could  bo  iooiatod.. 
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riuo  oxoureiofia  for  mark  and  roloooo-tropping  of  ohtowa 
uora  dono  In  tliln  arooi  tho  roeulto  of  uihich  aro  ohou>n  in 
Tebio  2*  In  oix  nighto  (20  trop~inopo» tiono )  only  nlno  opool- 
inon?  of  mioo  ( Apodomuo  opp.,  Clothrionoinva  nlorooluo)  and 
four  opooimono  of  ohtouo  (Sotox  aranouQ  and  S^rox  inlnutua) 
uoro  trapped.  Aloo  in  tho  loot  two  oxourolono  dono  to  a  dif«* 
foront  aroo  only  a  oparoo  population  of  ohrowo  was  oboorvod. 
OooQuoo  of  this,  ohrowo  cannot  play  o  major  coin  in  the 
virus;  cyolo  in  Lower  Auotrio  and  thio  otudy  woo  diooontlnuod. 

(3.4)  Uppot  Auotriai 

In  recent  yoaro,  wo  dlagnoood  an  incroooing  numbot  of 
coooo  of  TOE  in  Uppor  Auotria,  particularly  in  tl^o  nolgh- 
borhood  of  Linz.  Qocouoo  of  this,  quostionnairoe  uoro  aont 
out  to  p&tionto  who  could  froquontly  doacribo  tho  oxoot 
location  whoro  thoy  had  picked  up  ticks  prior  to  thoir 
boooming  ill.  On  account  of  thio  information  wo  oonduotod 
a  fiold  otudy  from  Ootobor  15-17  in  throo  difforont  loca¬ 
tions  (Pfonnigbotg/Linz,  Aoohaoh  and  Kronodorf)  in  Uppot 
Auotrio  (Fig.l), 

All  three  invaetigatod  looationo  woro  found  to  bo  foci 
of  TOG  virus.  Prom  392  nymphs  and  41  adults  of  Ixodee  ricinuo 
throe  attains  of  T6E  viruo  oould  bo  iaolotod  (TqL;1'o"'i).  ’ 

(3.5)  Game} 

Prom  75  difforont  locations  (Pig. 2)  of  tho  eouthwoototn 
pqrt  of  Lower  Austria  236  blood  eamploo  woro  obtained.  In 
Table  3  it  can  bo  soon  that  22  (9?i>)  of  thoao  oppcimens  wore 
positive  in  the  HI  tost  and  SS  (23J!.)  in  the  KT.  fc  must  bo 
montionod  in  oonnoction  with  thio  diacreponcy  that  all  the 
oota  which  woro  positive  in  tho  HI  test  ijova  «  pouitivo 

NT.  Pig. 3  and  Toblo  3  allow  the  rato  of  positive  ooro  in 
both  toots  doriving  from  difforont  orsoi.  It  will  bo  noted 
that  tho  porcontogo  of  positives  varied  frow  4  to  15  porcont 
in  tho  HI  tost  and  from  16  to  30  porcont  in  tho  NT.  In  Table  4 
tho  roeulto  oro  llotod  occording  to  tho  difforont  spocioo 
of  game.  Among  too  door  and  rod  door  approximately  0  porcont 
pooitivo  soto  wore  found  in  tho  HI  toot.  Thio  is  only  half 
of  tho  porcontogo  of  pooitivos  found  in  loot  yoot'e  ourvoy 
dono  with  gamo  from  tho  oouthoaot  of  Lower  Austria . 


. . . 


It  has  again  boon  ahown  by  tha  results  of  last  year's 
field  studies  that  the  Gfioder  and  Strelzhof  locations 
harbor  pormanont  foci  of  TBE  virus.  In  coming  years  the  sur¬ 
veillance  of  TBE  in  the  oast  of  Austria  should,  therefore, 
be  done  in  those  areas  by  attempts  to  isolate  the  virus  from 
ticks  at  their  peak  activity  in  spring  and  in  autumn. 

The  detection  of  throo  foci  of  TBE  virus  in  Upper 
Austria  is  of  particular  intorest.  Sondung  out  question- 
neiros  to  patients  has  helped  a  great  deal  to  locate  these 
fbei  and  this  method  uill  also  be  used  in  our  future  studies. 
Apart  from  Upper  Austria,  field  studies  uill  also  bo  carried 
out  in  Carinthia  uhero,  because  of  the  large  wooded  areas, 

TBE  must  be  endemic  too. 

Shrews  cannot  play  a  major  role  in  the  virus  cycle  in 
Lower  Austria  because  of  their  low  population  density, 
registered  in  tho  Hornstoin  area.  By  contrast,  the  results 
of  our  experimental  studies  (see  page  )  give  conclusive 
evidence  that  some  carnivora,  particulary  foxes,  may  act 
as  reservoir  of  tho  virus. This  is  a  now  aspect  on  the  eco¬ 
logy  of  TBE  virus.  Yet,  tho  high  viremia  of  foxes  as  well 
as  high  infestation  with  ticks  combined  with  a  homo  range 
of  many  square  miles  makes  them  very  suited  for  acting  as 
amplifying  host  in  established  foci  and  carrying  the  virus 
to  now  areas  thus  starting  now  foci.  This  is,  perhaps,  the 
way  tho  virus  has  been  or  still  is  being  introduced  to  tho 
western  part  of  Austria. 

Tho  significance  of  roe  deer  as  host  of  TBE  virus  remains 
to  be  determined.  As  pointed  out  in  ^  ast  year's  report 
(Contract  Number  3A37-67-C-054e)  a  final  conclusion  can  only 
be  drawn  after  the  biological  transmission  of  virus  by  ticks 
has  been  attempted.  Uo  are  hopeful  that  this  important  study 
can  be  conducted  shortly* 

The  results  of  tho  survey  with  sera  of  game  show  that 
foci  of  TBE  virus  are  scarcer  in  the  south  west  of  Lower 
Austria  os  compared  with  the  south  oast,  tho  site  of  the 
previous  study  (Contract  Number  3A37-67-L-O540) .  It  was  par¬ 
ticularly  interesting  to  learn  that  tho  HI  tost  is  as  speci¬ 
fic  as  tho  NT  but  considerably  less  sensitive. 

In  surveys  with  animal  sera  the  NT  will  pick  up  more 
positives  than  tho  HI  teat.  This  is  not  the  case  with  human 
sera,  which  in  our  experience,  give  equally  good  results  in 
both  tests. 
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(S)  Summary 

riold  studios  on  the  ecology'  'and  gddgraphic  distribution 
of  TBE  virus  uuro  carried  out  in  difforont  aroas. 

Virus  mas  isolated  from  ticks  colloctod  in  the  foci 
near  Pottschaoh  and  Strulzhof  (Louiur  Austria)*  Three  nau 
foci  of  TBE  virus  uiero  found  in  UppBr  Austria  (Aschach, 
Ktonsdorf ,  Pfon'nigbotg/Linr)'* . 

A  lou  activity  df  shrouio  uas  observed  near  Hornstoin* 
From  this  it  appears  that  shreus  aro  not  an  essential  host 
of  TBE  virus  in  out  foci. . 

Out  of  236  sera  of  game  from  different  locations  in 
tho  southuest  of  Lotjor  Austria  9.3  percont  uiere  found  to 
possess  hemagglutination- inhibiting  antibodies  to  TBE  virus, 
uhoroas  23.3  percont  had  neutralizing  antibodies.  The 
HI  test  uas  as  specific  but  considerably  loss  sensitive 
than  tho  NT. 
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Table  1 


Number  of  ticks 
areas  and  uirus 

(Ixodos  ricinus)  collected 
strains  isolated  thorofrom 

in  different 

• 

Numbor  of 

Number  of 

Excursion  data 

nymphs  isolated 

adults  isolated 

colloctod  strains 

collected  strains 

Gfiodor 

May  4-5 

658 

50 

Sept.  21-22 

352  1 

12 

Strelzhof 

nay  25-26 

1083 

213 

Sopt.  14-15 

232  3 

23 

Hernstein 

Dune  15-16 

409 

30 

Pf onnioborq/Linz 

October  15  -17 

35 

10  1 

Aschach 

October  15-1? 

190  1 

19 

Kronsdocf 
October  15-17 


167 


1 


12 
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Table  2 


Results  of 

mark  and 

reloaso-trapping  of 

shrous  in 

Hernstoin. 

Numbor  of 

Numbor  of 

Numbor  of 

Excursion 

Date 

trap-inepoctions 

trappings 

ratrappings 

Dcr  niaht 

1960 

1 

April  30 

2 

0 

0 

May  1 

2 

May  14-15 

4 

(1)** 

- 

3 

Sept. 6-7 

5 

(1) 

Sept . 7-8 

2 

1  (1) 

- 

4 

Oct. 17-10 

3 

3  (2) 

1 

5 

Wou.  9-10 

4 

1  (4) 

- 

'* 


in-paronthesie  (  )  number- of-  trappings  of  small  mamtnols 
other  than  shrows. 


Table  3 


Serological  inuostigations  of  gcmo  of  6  districts  of  the 
southwestern  part  of  Lower  Austria. 


Number  of  Number  of  Number  of 
District  sera  tested  sera  pos.  euro  pos. 

in  the  HI  in  the  NT  (‘Ji) 


Lilionfold 

57 

2  (  3»5) 

9 

(15,0) 

Kroms  (South  of 
the  Danube-Riv/or ) 

40 

6  (12,1) 

9 

(27,3) 

St.Pblten 

33 

4  (15,0) 

15 

(37,5) 

flolk  (South  of 
the  Danube-River) 

42 

3  (  7,1) 

8 

(19,0) 

Scheibbs 

34 

4  (11,0) 

0 

(23,5) 

Amstetten 

30 

3  (10,0) 

6 

(20,0) 

Total 

236 

22  (  9,3) 

55 

(23,3) 

Table  4 


Serological  inuostigations  of  difforont  game  spocioo 


Specios 

Number  of 
sera  teatod 

Number  of 
soro  po3< 
in  tho  HI 

Number  of 
sora  pos. 

(?«;)  in  tho  NT  (^) 

Capraolus  caproolua 

187 

15  (0,0) 

47  (25,1) 

Corv/ua  elaphus 

33 

2  (5,9) 

3  (  0,8) 

Rupicapra  rupicapra 

6 

3 

3 

Lopus  Quropaous 

1 

1 

1 

Uulpoe  uulpos 

8 

1 

1 

Moloa  moles 

1 

- 

" 

Total 

236 

22 

55 

F'iquro  i 


Rate  of  3oro  with  noutralizing  anC  hemocjQlutinotion 
antibodies  in  afooo  under  inuost^Qation 


inh 
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xporimontal  Laboratory 
InvGotigotlono 


(1)  Chomloal  invootiQOtlono  oonoornlnQ  rocoptor  aubotonpoa 

for  TflE  vlruB. 

Intcoduotloni 

Uio  found  lipid  eubetQnooo  uhloh  oaf*  oompotitlwely  inhibit 
tho  homagglutinotion  (HA)  of  TOE  virus  and,  thoroforo^  can  bo 
rugoi'dod  oo  ruooptor-anologuu  subotanooo  or  ovon  oo  tho  actual 
rocoptor  oubotancos.  In  ptovlous  uxporinicnto  (1»2)^  wo  abouod 
that  email  ainountu  of  thoao  oubotancoe  oould  bo  oxtrootod  with 
chloroform-mothanol  2»1  from  brains  of  diffsront  animals* 

Thoto,  they  oro  found  in  tho  phosphotidyl-sorino  fraction  (3)» 
Howovor,  tho  bulk  of  tho  HA-inhibiting  matorial  oan  boat  bo 
oxtraotod  with  acidified  aclvonto.  Thoso  propottiost  together 
with  the  obaorvotion  that  tho  octivity  of  tho  oubatanco  is  most 
strongly  oxprossod  uihon  it  io  inoorporatod  in  mioollar  oomploxos 
with  certain  a  trimethylammonium  group-oontoinlng  lipids , 
indlcoto  thot  they  might  bo  found  among  the  polyphoephoino- 
aitldoa  (3). 

Intocorototion  of  oarlior  rooultst 

In  a  previous  report  (2)  wo  clooorlbod  q  substonoo  pro- 
oont  in  ox  brain  but  opporontly  not  present  in  mouse  brain  which 
is  oblo  to  competitlvoly  inhibit  tho  HA  of  TBE  virus  ovon 
without  odmixtuto  of  tho  montionod  basic  lipids.  This  uubstonco 
has  rncontly  boon  identified  ao  a  mixture  of  Cq«  and  Mg.’oalts 
of  phoophQtidyl-oorino  (4).  Howovor.  in  both  tho  montionod 
oommuniootions,  tho  opinion  was  oxprooood  that  possibly  tho 
biological  activity  of  this  product  has  to  ho  attributed  not 
to  tho  main  substance  but  to  an  accompanying  compound.  In  tho 
light  of  tho  rosults  of  OAUSON  (5)  who  could  show  that  Co-  nnd 
in  a  lossur  dogroo  also  Dg-oalts  of  triphosphoinooitido  havo 
0  atrong  affinity  for  oortaln  proioinu  and  form  comploxso  which 
oro  solublo  only  in  oolvonts  ooidifiod  with  hydrochloric  aoid^ 
our  oaoumption  thot  tho  polyphospholnooltidos  con  act  as  rocop- 
tor  oubotancoo  gains  ooneidoroble  weight  and  it  is  also  vary 
proboblo  that  tho  HA-inhlbiting  property  of  tho  ox  brain  sub- 
etoncoo  is  in  fact  duo  to  Ito  oontont  of  Co-  and  (Ig-solts  of 
a  polyphoophoinoaitido. 


. . 
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Exti'^ot^JLon  an(j  p^ylflootion  of  polvobOHoriuinooiiiduo  t 

OuK^  toount  uotk  oonoontrotod  thorofoco  on  tho  imptova- 
mont  of  tho  oxtroctlon  procoduroo  and  on  tho  idontlficotion 
and  purlflcutlon  of  thiu-  cloeo  of.  choniicol  comppund.Or  Oy 
othor  outhoK-o  (G,7,0)  it  hao  boon  ohotun  that  ts-iphoepholno*- 
oitido  in  btoin  in  dogradod  to  about  1/4  of  ito  initial  voluu 
uihiliin  tho  fltst  floo  minutoo  from  tho  dooth  of  tho  onimaJ. , 
if  tho  organ  la  not  immodlatoly  frozon.  Thoroforo,  ony  broin 
dolivorod  from  tho  nlnUghtor  houoo  did  not  aoom  to  bo  o  pro- 
mieing  otortlng  matorlol.  On  tho  othor  hand,  mouao  brain, 
tho  soutoo  of  octiVQ  llpldo  in  moot  of  our  oorlior  oxporimonta, 
oould  not  bo  oompiod  in  ouffioiont  omounto  for  proporing  sub* 
sbontial  guantitioo  of  polyphoapholnoaltlduo.  rinolly,  it  uQO 
poeaiblo  to  obtain  frooh  frozen  brain  from  rhooua  tnonkoyo 
which  uoro  usod  to  aupply  kidnoyo  for  tlosuo  oulturu. 

Uith  thie  monkoy  brain  oo  storting  matoriol,  diffotont 
proocriptiono  for  tho  proparotion  of  polyphoophoinoGitldoe 
wore  triad*  Soginning  with  tho  rothor  laborious  procoduto 
of  OITTMEn  and  DAWSON  (9),  wo  obtained  at  first  vocy  low 
.yloldo  of  "row  inooitidoo".  In  our  attompto  to  oimplify 
tho  procoduto  and  to  inoroaoo  tho  ylold,  wo  triod  also  tho 
mothods  of  PALMGR  and  ROSSITGR  (10),  DAWSON  and  EICHOGRG  (6) 
and  SHELTAWY  ond  DAWSON  .(.H ).t ..ftiJ  9^-  Wbidh.oim  fbc.  quantita¬ 
tive)  oxtrootion  and  ostlmatioh 'of  dl-  ond  tviphosphoinooitido. 
Bocouso  tho  Ootifnationo  of  tho  polyphosphoipboitidoo  by  all 
tho  montionod  iiivootigatoro  uoro  dono  by  dotorminotion  of 
phoaphoruo  and  inooltol,  any  impuritioo  not  containing  thoso 
oorftpou,ndQ  did  not  inter foro  with  tho  quantitabivo  rooult. 
Howpwor,  dark  impurifcios  which  ooourrod  in  thooo  proprara- 
tibno  ond  which  woro  dogrodation  products  of  homoglobln, 
oocludod  tho  homagglutinotion  Inhibitihg  property  of  tho  main 
products  and  hod  to  bo  oHminatod,  Thoroforo,  wo  rovortod 
to  tho  original  proooduro  of  OITTNER  ond  DAS60N  (9),  By  this 
method ,  moot  of  tho  dark  impuritioo  aro  romovod  togothor  with 
trocos  of  othor  lipido  by  shaking  tho  acidifiod  oxtroct  with 
NqC^  oolution.  Aftor  contrlfuging,  tho  dark  products  aro  loft 
in  the  ohloroform  phaeo, whorcoe  tho  polyphosphoinositidso . . 
bro  obtained  in  form  of  nn  intormodiato  loyor  oo  thoir  com- 
plGxpo  with  protoin,  Thooo  comploxoo  aro  thon  donoturod  and 
btokon  with  acid  ond  tho  polyphoophoinosltidoo  aro  finally 
obtainod  ao  ftoo  acids  of  Co-oalto.  By  introducing  somo  addi¬ 
tional  stops  to  tho  proooduro  of  DITTflER  ond  DAWSON  (9),  tho 
ylold  could  bo  incroosod,  and  q  further  addition,  tho  oxtroc- 
tion  of  Q(t  intormodiato  Ca-inooitido-protoin  complox  with 
Bootono,  romovod  tho  last  troooo  of  tho  dork  impuritioo. 


0 
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A  uQriou  of  oniall  oltorotlono  of  tho  mothod  modo  it  pooalblo 
to  adapt  tho  volumoo  of  oolvonto  to  tho  capocitioo  of  tho 
ovoiloblo  oontrlfugoo.  Thlo  onablod  us  to  start  with  100  g 
brsln  inotood  of  only  70  g  oo  boforo.  Dnfartunatoly,  tho 
proooduro  lo  nou  ouon  muru  laboi-iuuo  and  it  takoo  about  four 
days  to  preporo  a  satnplo  of  rou  inooitidao  from  frozon  braln» 
but  nou  uo  oro  ablo  th  proparo  in  thoso  four  days  12-18  mg 
of  Q  nootly  oolorlooo  product  inotood  of  only  A-O  mg  of  o 
bruwhloh  ouboiotioo*  Our  progcoao  in  tho  propuratiun  of  row 
inooitidoo  can  bo  ooon  in  Toblo  1  and  tho  lotost  proooduro 
lohloh  inoorporatoo  also  aomo  foaturos  of  tho  oxtraotion  pro- 
coduro  of  UICLIS  ond  DITTMCR  (12)  io  roprooontod  in  tho 
flow  ohoot  of  rig.l. 

Tho  material  obtained  with  thio  proooduro  ohowod  n  high 
oopaoity  for  Inhibiting  tho  HA  of  TOE  virus.  It  woo  aotivo 
00  low  os  C.U02  pg/O.4  ml  whon  applied  together  with  ttio 
50  fold  amount  of  locithln.  It  containod  about  10  phoophoruo 
which  io  tho  thoorotiool  valuo  for  triphoophoinooitido,  but 
whon  tooted  by  thin  loyor  ohromatography ,  it  prowod  not  to 
bo  Q  oinglo  oubatanco.  Thotoforo,  further  purification  is 
noooaaary  and  tho  elope  auggeeted  by  HERR,  KFOURY  and 
ODIOELLIAN  (13)  and  by  HENDRICKSON  and  BALLOU  (14)  will 
hovo  to  bo  oonoiderod. 

Chromotoorgphv  of  inooitidoo t 

For  monitoring  tho  proporotion  proooduro  ond  for  tho 
ostimotlon  of  tho  identity  of  intormodiato  and  tho  purity 
of  final  produoto,  a  roliablo  method  waa  unowailoblo.  Our 
oarlior  attempts  to  dovolop  n  mcithod  of  thin  Inyor  chroma^* 
tography  with  colluloeo  powdor  did  not  produce  very  con¬ 
vincing  rooulto.  In  tho  moantimo  a  TLC-motliod  for  polyphoo- 
plioinooitidoa  uoing  sllico  gol  It  with  on  addition  of 
K-oxolato  woo  publlohod  by  G0N7AI.EZ-SA5TRE  ond  FOLCH-Pl  (15). 
tloidovor,  in  our  honda  aloo  thia  method  woo  not  very  ootls* 
factory.  Tho  ooouironoo  of  a  sooondory  fi'ont  occludod  tho 
rooulto  and  an  idontiflcation  of  tho  apota  woo  not  unequi¬ 
vocal  (Fig. 2).  A  docroooo  of  tho  oxaloto  conoontration  from 
1  Ji!  to  0.2  ji  ooomod  to  bo  advantagooua,  but  noithor  by  dif- 
foront  aotivotlon  of  tlie  platoa  nor  by  alteration  of  tho 
oolvont  oompooltion  could  thio  oocondory  front  bo  olimlnatod. 
Aloo,  it  was  not  poooiblo  to  lot  tho  aooondary  front  migrate 
to  tho  ond  of  tho  plato  by  longer  incubation  in  tho  tank. 
Finally,  wo  hod  to  give  up  this  method  and  aro  now  preparing 
f oritialin-troatod  filter  papor  for  paper  chromatography  of  poly- 
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phospholnositides  by  the  mathods  of  LETTERS  (16)  and  KAI 
and  HAliiTHORNE  (17)  which  both  troat  tho  filtor  paper  with 
formalin  and  acatic  acid  at  atmosphoric  proaeuro*  Thair 
procoduras  are  derived  from  tho  original  method  of  h£)RHAM1*IER, 
liiAGNER  and  RICHTER  (IQ)  who  uso  123°  at  a  pressure  of 
16  lb/in^<  All  of  those  methods  are  still  used  in  the  labo¬ 
ratory  of  OAUSON  (porsonal  communication),  and  we  hope  to 
bo  ablo  to  roproduco  them  and  arrive  at  an  identification 
of  the  active  principle  in  our  MA-inhibiting  preparations. 
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Table  1:  Incraasa  of  yield  and  quality  of  rau  inusitidas  from  monkey  brain 


Figuro  1 


Flow  shoot  1) 

Proparation  of  raw  polyphosphoinositidos  from  monkey  brain. 


100  g  frazon  brain 


1) 

2) 

\ 

3) 

1 

Supornatant 

Sediment 

2) 

3) 

- j 

Supornatant 

Sediment 

CombLnod  super¬ 

natants 

1) 

(can  bo  used  for 

preparation  of 

2) 

other  phospholipids) 

3) 

K 

Supernatant 


I 

Supernatant 


Supernatant 


Combined  acid  extracts  (l) 
(-  ■66D  ml) 


homoQonizo  in  two  portions  for 
2  min, in  waring  blonder  with  550  ml 
chloroform  and  400  ml  methanol, 
shako  for  20  min.  at  room  tump. . 
centrifuge  5  min.  at  2600  g. 


homogenize  with  700  ml  chloroform 
and  250  mil  mothanol, 
shake  40  min.  at  room  temp., 
centrifuge  10  min.  at  2600  g. 


suspend  in  250  ml  chlorof .-methanol- 
1.2  N  HCl  120  :  120  :  12. 
stirr  20  min,  at  39°C, 
centrifuge  10  min.  at  3500  g. 

Sediment 

I  1)  suspend  in  250  ml  chloro¬ 
form-methanol-0.06  N  HCl 
120  ;  120  ;  12, 

2)  stirr  20  min.  at  39°C, 

3)  cent 'ifugo  10  min.  at 
3500  g. 


Sediment 

j  ropoat  extraction  and 
j  centrifugation 


Sodiraont 

discard 
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Flout  shoot,  contd.  2) 


'  1 


Comblnod  acid  extracts  (I) 

(y«.'660  ml) 

1)  shako  with  1/5  vol.  0*9  %  NaCl, 

2)  cantrlfugo  10  min.  at  2600  g, 

Uiutsr'y  upper  layer  ■  Intermediate  layer 

chlo^SK'ggm  layer  \ 

shako  again  with 
1/5  vol.  0.9  % 

NaCl,  j 

cantrlfugo  j 


lilatery  upper  layer 
discard 


Intormediate  layer 


Lower 

chloroform  layer 
discard 

Combined 

intermediate  layers  (I) 

I  1)  suspend  in  150  ml 

chloroform-methanol  251, 

2)  shake  with  30  ml  0.05 

n  CaClo, 

3)  centrifuge  10  min.  at 

2600  g. 

r . . . — - . 

Intermediate  layer  Lower  chlurof.  Upper  layer 
I  layer  discard 


j  1)  shako  with  1/5  vol. 
j  0.05  n  CaCl2, 
j  2)  centrifuge 


Intermediate  layer  Lower  layer  Upper  loyor 

I  discard  discard 


Combined 

intormediate  layers  (II) 


-20- 


riou  sheet,  contd.3) 
Combined 

intermedioto  layers  (ll) 


1)  suspend  in  50  ml  ocotono, 

2)  lot  stand  at  room  temp,  for  1  hr,, 

3)  decant. 


(' 


Acetone  uith  Ca-Inositido- 
btoun  impurities  Protein  Complex 

discard  ,  acetone  and 

reflux  for  5  min,, 

2)  dry  in  vacuum  at  40°C, 

3)  add  50  ml  othanol  and 
roflux  for  5  min., 

4)  ovaporato  alcohol  and 
I  dry  in  vacuum, 

Oenaturod  Ca-Inooitide- 
Protoin  Complex  (  400  mg) 


I  l)  suspend  in  75  ml  chlotoform- 
i  methanol  0,6  N  HCl  50{25s3.7S, 
j  2)  extract  15  min.  at  3y°C, 
filter  through  glass  wool. 


3) 


Filtrate 

I 


Residue 

I  repeat  extraction 
i  and  filtration 


F iltrate 
Combined 

acid  extracts  (11) 
(  150  mi) 


Rosiduc 

discard 


Llpt^er  layer 
discard 


1)  shake  with  30  ml  1  N  HCl 

2)  centrifuge  5  min.  at  3500  g. 

IntorSodiate  layer  Lower  layerf 

i 

'combine  intorm.and  lower  1. 
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Flow  shoot  contd^  4) 


Coffibinod  intormodiato 
and  lowot  layers 

j  1)  shako  with  l/2  vol. 

chlotoform-mothonol- 
N  HCl  3i48j47, 

2)  oonttifUQo  5  min. 
at  3SOO  g. 


Intormodiato  Upper  layer 

protoin  layer  discard 

discard 

1)  wash  3  tiniae  with  0*4  vol. 

0.05  M  Ca  Cl.-mothanol-chloroform  47{46{3 

2)  dry  in  vacuum  at  40°C. 

Co-salts  of 
raw  Inositidoa 
(12-10  mg) 


Lowor  layer: 

Row  inositidoa  as 
acids  in  chloroform 
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Sutnniarv 


A  class  of  lipid  substances,  oxtroctablo  from  frosh 
frozen  brain,  can  compotitively  inhibit  the  hoinugglutination 
by  TOC  virus.  They  can  bo  rogardod  os  recoptor  subotoncoa 
and  are  very  probably  tho  Ca~  and  ng-salts  of  polyphoephoino- 
sitides.  The  procoduro  of  the  extraction  of  these  oompounds 
is  extensively  described  and  tho  increase  of  yield  and 
purity  by  certain  modifications  of  the  process  and  also  some 
exparionoos  of  thin-layer  chromotography  aro  reported. 
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y/iruooo  of  tho  Yut  ooinplux  oro  oo  olodoly  s^oI&tod  that  dif- 
forcntletion  hae  baeh  poosibie  only  with  few  oRt'ologiool  mothode. 
In  pottioulet:,  Conti'fll  Europoan  Encophalitia  (CEE)  and  Kucrttlan 
Spring  Suinmot  Encophalitie  (RSSC)  viruooe  aro  almoot  Indi- 
atingulohablo  from  ooch  othor  oo  that  thoy  aro  now  oonoidorod 
ao  boing  oubtypoo  of  the  oaino  uiruo»  nomoly  T0£  wiruo* 

In  the  present  otudy  we  Invoatigoted  the  ability  to 
induce  interferon  in  baby  mouse  brain  of  tho  following  uirueeo 
of  thle  oomplox!  CEE  virue  (strains  Hypr,  Jexek»  Vie  415  6 
and  Ix  22792)  and  one  strain  oach  of  RSSE  virus,  Louping  ill 
(tl)  virus,  Omsk  hemorrhagic  fever  (OHF.)  virus,  Kyasanur 
Foreot  diseaso  (KFO)  virus  and  tangat  virus. 

Baby  mioo  wets  infected  with  100  Lb  of  virus.  With  all 
viruses  the  mice  were  in  a  moribund  otato^fivo  days  after 
infsotion  when  the  brains  of  four  mice  wars  romovod  and  pto- 
oosood  to  extract  intorforon  so  described  oloswhore  in  this 
report  (ass  page '\'i  ).  However,  in  this  experiment  the  Inter¬ 
feron  cahtAinlng  preparations  wore  tested  to  prevent  infec¬ 
tion  in  t  ca.K.i?  of  100-300  TCOg^  of  both  EMC  virus  end 
Vooloulor  Sitomatltio  virus. 

Ao  it  io  shown  in  Table  1  oil  viruoqe  tested  induood 
high  levels  of  interferon.  Suspension  of  brains  infeotod 
with  stroine  of  CEE  virus  ao  woil  ae  with  RSSE  virus  inhibited 
both  challongo  viruses  '.ip  to  a  dilution  of  1:320.  Li,  OHF, 

KFD  and  Longot  virus  induood  four-fold  more  interfsron.  Thus 
RSSE  and  CEE  viruses  woro  not  separable  from  oach  othor 
with  rospoot  to  thoir  intarf oron-otimulotion  chorsctoriatics. 


Virus  Baby  mouoa  pQSoacjo  Intarfaron  titar  against 

challenge  v/irus 

EMC  USV 


CEE 


Hypr 

9 

(Vlonna) 

1:320 

1:320 

Jozok 

3 

(Vienna) 

1:640 

1:320 

VIE  41S 

0  11 

1:320 

1:160 

ix  22792 

3 

1:320 

1:320 

RSSE 

13 

(Vienna) 

1:320 

1:320 

LI 

3 

(Vienna) 

1:1200 

1:1200 

OHF 

4 

( Vienna) 

1:1200 

1:640 

KFD 

4 

(Vienna) 

1:1200 

1:1200 

LANGAT 

3 

(Vienna) 

1:I2B0 

1:640 

Summary 

F  our 

strains 

of  CEE  virus 

as  well  00  ono 

strain  of 

uirua. 

induced  I 

the  same  level 

of  interferon 

in  baby  m 

brain.  Fourfold  higher  titers  of  intorforon  uero  dotoctablo 
in  baby  mouso  brnino  after  infection  with  one  strain  oaoh 
of  Looping  ill,  Omsk  homorrhagic  fouor,  Kyassnur  forest 
disoaso  and  l.angot  viruses  which  ore  also  mombors  of  tho 
TBE  virus  complex. 
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(3)  Influanoe  of  the  ihterferon-induoinQ  compoupd  t^olv  liC 

on  the  infection  uith  TB£  witua  in  mice 

In  a  series  of  axpariments  uia  tested  the  sensitivity  of 
TBC  virus  to  Poly  I:C  (dilas  Chem.Corp>),  a  double-atranded 
polyribonucleotide,  uhich  is  capable  of  inducing  the  forma¬ 
tion  of  interferon  as  demonstrated  by  several  uiorkers. 

In  each  experimant  60-100  mica  ueighing  10  g  uete  in¬ 
fected  subcutaneously  ulth  the  Kypr  strain  of  TBC  virus. 

Half  of  the  mice  were  given  Poly  I:C  (dissolved  in  PBS  at 
a  concentration  of  1  mg  par  ml)  intraperitoneally  uhile  the 
other  half  only  received  PBS. 

Number  and  time  of  injections  uiith  Poly  I:C  and  amount 
of  the  drug  and  of  virus  given  in  each  test  can  be  seen  in 
the  Tables. 

It  uill  be  seen  in  Table  1  that  an  excellent  protective 
effect  uas  achieved  uith  tuo  doses  of  Poly  I:C  (each  100  pg 
per  mouse)  provided  that  the  treatment  uies  started  not 
later  than  three  hours  after  infection. 

For  full  protection  of  mice  against  encephalitis  one 
single  dose  of  100  pg  Poly  I;C  was  not  sufff-cient.  This  is 
clearly  indicated  by  the  results  of  two  experiments  shown 
in  Table  2. 

Protection  of  mice  was  achieved  against  low  doses  of 
virus  (iO  i-D_  )  only.  Treated  mica  injected  with  43  and 
67  LD  respectively  succumoed  encephalitis.  Howover,  these 
animals  survived  significantly  longer  than  the  untreated 
controls,  thus  showing  that  the  drug  still  had  an  inhibi¬ 
tory  effect  on  the  infection. 

From  all  teste  mice,  which  had  survived  infection  duo 
to  treatment  uith  Poly  I;C,  hod  not  acquired  immunity 
against  T0E  virus  and  were  susceptible  to  challengn  infec¬ 
tion. 


As  it  uas  possible  to  inhibit  tbf  virus  replication 
by  application  of  the  interferon-inciucirig  drug  Poly  IjC,  *t 
can  be  hoped,  that  many  other  arboviruses  are  sensitive  to 
this  substance. 
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Suinniarv 

Poly  I:C  uias  capable  of  protecting  mice  against  fatal 
tick-borne  encephalitis,  provided  that  application  started 
bafor  or  feu  hours  after  infection  and  the  infactive  dose 
uas  lou.  If  therapy  began  later  or  a  virus  dose  of  appro¬ 
ximately  GO  Lf!  uas  given,  infected  mice  survived  longer 
than  untreated^controls  but  no  full  protection  uas 
achieved.  I^ice  uhich  had  survived  infection  due  to  appli¬ 
cation  of  Poly  IsC  exhibited  no  immunity  and  were  suscep¬ 
tible  to  challenge  infection. 


r  .'*“*'3 

If-  -a’ 

■  V  ] 


‘  9 


n.‘  ' 

At 

■f  ■ 


Tablo  1 


Depehdanco  of  Poly  1:C  influonco  on  the  beginning  of 
treatment 


Treatment 

Number  of 

Number  of 

Virus  dose 

Time  Doso 

infected 

mice 

suruiuing 

mico 

18  baforo 
h 

100 

MQ 

mouso 

50 

47 

(94%) 

3  after 

200 

49 

mouse 

infection 

5  l.D,„ 

50 

0 

50 

10 

(20%) 

10*^  before 

100 

49 

mouse 

50 

42 

(04%) 

3  after 

100 

49 

mouse 

infection 

Q 

50 

13 

(26%) 

3^  and 

100 

49 

mouse 

50 

34 

(60%) 

IB^  after 

100 

49 

mouse 

infection 

*"^50 

0 

50 

2 

(  4%) 

24^  and 

K 

100 

49 

mousej 

50 

3 

(  6%) 

40  after 

100 

49 

mouso 

infection 

0 

50 

2 

0  a  Untreated  controls 
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Tnblo  2 

ImpottancB  of  tho  numbor  of  injections  uith  Poly  IsC 


Troatment 

Number  of 

Number  of 

Virus 

Tima 

Dose 

infected 

mice 

surviving 

mice 

dose 

h 

3  and 
18*^’  aftor 

100 

100 

P9 

49 

mouse 

mouse 

50 

34  (68:>!,) 

infection 

0 

"5  b . 

'2  (  4?S) 

. 

3^  after 

lOQ 

49 

mouse 

SO 

4  (  8^) 

infection 

0 

50 

0 

'-''so 

3^  after 

100 

49 

mouse 

50 

6  {12%) 

infection 

0 

50 

0 

'■''so 

I 


0  =  Untreated  controls 


TablG  3 


Influonco  of  Poly  I;C  ogainot  difforont  dosos  of  vitua 

Treatment  Number  of  Numbor  of  Average  survival 
Virus  infected  surviving  time 

dose  Time  Ooso  mice  mica 


10 

•'“so 

3^  and  100(ig 

mouee 

so 

34  (6BJS) 

12.05  days 

18*^  aftorlOOng 
infection 

mouso 

. 0  .... 

390 

sf*  and  lOUng 
16^  aftarlOOjig 
infection 

mouse 

mouso 

40 

3  (7,5^) 

9.7B  days 

0 

40 

0 

7.86  davs 

3900 

'.^50.. 

3  and  lOOng 
10*^  afterlOO^g 
irifection 

mouse 

mouso 

40 

0 

8.70  days 

0  K  Untreated  controls 
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(4)  Viromie  of  uihite  mico  aftor  infootlon  uith  TBE  vitue 

Viromia  of  mammolo  io  an  Important  factor  in  tho  oco- 
logy  of  orboulruaoa.  Theroforo  uo  otudied  tho  influenoo  of 
ago  on  the  dovolopmont  of  viromia  oftor  eubcutanoous  infec¬ 
tion  uiith  T6C  virus. 

Uhlto  mica  uolghing  8-10  g  (3  ueeks  old)  and  approxi¬ 
mately  35  g  (3  months  old),  reepectivoly,  uere  used  as  a 
model,  from  both  groups  (24  individuals  each)  one  half 
uas  infected  with  low  doses  (approximately  100 
the  other  half  with  high  dosos  (approximately  1  o5o  ooo  (.^gQ) 
of  TBC  virus.  Each  day  a  different  group  of  mico  was  bled. 

The  blood  was  pooled  and  titrated  intracerebrally  in  mico 
weighing  8-10  g. 

As  can  be  seen  in  Figure  1,  low  infective  doeea  of  virus 
induced  two  peaks  of  viremia  in  both  young  and  old  mice. 
However  in  young  animals  it  developed  faster  and  persisted 
at  a  higher  level  or  a  longer  period  than  in  old  animals. 

Tho  application  of  a  high  dose  of  virus  (Fig. 2)  was 
followed  by  an  earlier  onset  of  viromia  as  compared  with 
those  observed  after  a  low  dose.  Again  tho  10  g  mice  showed 
higher  viremia  than  the  older  mico. 

From  our  studies  it  is  obvious  that  three  woeks  old  mice 
develop  viremia  longer  and  higher  than  adults,  throe  months 
of  age.  Therefore  it  can  bo  concluded,  that  young  mammals 
ere  more  important  fer  the  cycls  of  arboviruses  in  nature 
then  old  ones. 


Summary 

Three  weeks  old  mice  weighing  0-10  g  and  throe  months 
old  mice  weighing  approximately  35  g  were  infected  subcu¬ 
taneously  with  100  and  1  000  000  tO  of  TBC  virus.  In¬ 
fluence  of  age  on  development  of  viromia  was  studied.  Low 
infective  doses  induced  two  peaks  of  viromia,  both  in  young 
and  adult  mice,  but  tho  young  ones  developed  viromia  for  a 
longer  period.  After  high  infective  doses  young  animals 
again  showed  viremia  longer  and  higher  than  old  ones.  There¬ 
fore  we  concluded  that  young  mammals  are  more  important  for 
arbovirus  cycles  than  old  ones. 


(5)  Viremia  of  some  European  carnivora  after  infection 

uiith  T0C  virus 

In  areas  uhere  TBC  virus  is  endemic  eeverel  species 
of  carnivora  are  relatively  abundant.  In  many  of  these 
animals  antibodies  can  be  found  ahouing  their  susceptibility 
to  infection.  However,  it  is  not  known  whether  these  animals 
roach  a  level  of  viromia  which  is  sufficient  to  pass  on  the 
virus  to  sucking  ticks  and  thus  act  os  vertebrate  hosts. 

Ule  conducted,  therefore,  a  number  of  laboratory  experiments 
with  carnivora  with  the  hope  to  get  some  information  on 
their  potential  role  in  the  natural  cycle  of  the  virus. 


Material  and  flethoda 

In  the  experiment,  five  young  foxes,  which  were  caught 
at  an  age  of  5-7  weeks,  three  badgers  and  two  adult  weasels 
were  employed.  These  animals  were  caught  in  Lower  Austria. 
Four  polecats,  ten  weeks  old,  which  were  obtained  from  a 
breeding  station  were  also  included  in  the  study. 

The  carnivora  were  infected  in  the  following  manner 
(see  also  Table  1) s 

Three  foxes  (numbers  1,2  and  3),  one  badger  (number  1), 
two  weasels  and  one  polecat  (number  1)  were  infected  with 
TBE  virus  by  means  of  virophoric  nymphs  of  Ixodes  ricinus. 
These  nymphs  had  become  infected  in  the  larval  stage  by 
gorging  on  viromic  Apodomus  flavicollis  Infectod  with  the 
"Hypr"  strain  of  T8F  virus.  Nymphs  were  used  for  infection 
about  eight  months  aftor  molting. 

Three  polecats  (numbers  2,3  and  4)  and  two  badgers 
numbers  2  and  3)  were  infectod  by  virophoric  females  of 
Ixodes  rioinus. which  had  been  experimentally  infected  with 
strain  "Hypr"  by  the  insertion  of  a  thin  glass-capiilary 
into  the  anal  opening. 

For  infection,  the  ticks  were  placed  inside  feeding 
capsules  which  were  attached  with  collodium  to  the  back  of 
the  animals  as  described  in  last  year's  report  (1). 

In  order  to  compare  viremia  after  tha  natural  infection 
by  ticks  with  viremia  developing  after  the  artificial  in¬ 
fection,  two  foxes  (numbers  4  and  5)  and  one  badger  were  in¬ 
jected  subcutaneously  with  high  doses  of  virus.  The  strain 
"3ezok"  used  for  infection  of  fox  number  5  had  originally 
been  isolated  in  Czechoslovakia  from  a  hedgehog. 
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The  onimals  woro  blocl  daily  for  ono  wook.  Tho  blood 
was  toobod  for  ito  conionb  of  viruo  in  baby  mico  by  tho 
Intrer-orobral  routo. 

Sera  uoro  clreiun  prior  to  and  oftor  infoctlon  to  oscoso 
tho  antibody  rosponoo  against  TBE  virua  In  tho  honmgylu- 
tination  inliibition  (HI),  tho  tiosuo  culturo  neutraliza¬ 
tion  (NT)  and,  in  oomo  casos,  in  tho  complofiiont  fixation  (CF) 
teste. 

Rasul  - s 

Tho  raeulte  are  oummarizod  in  Tablo  1.  Virus  was  suc¬ 
cessfully  trensmittod  to  all  throo  foxas,  four  polecata  and 
to  two  weasels.  The  throe  badgors  shouod  no  vir  .'lia  after 
tho  sotting  up  of  ticks,  Tho  two  foxos  which  woro  infoctod 
subcutaneously  also  deuolopod  a  high  v/iromia, 

2 . 5 

g  Foxos  developed  vivomis  ranging  from  10  ‘  LD,  to 
10  LDgg  lasting  from  two  to  four  days.  It  is  of  particular 
interest  that  tho  animals  numbor  1  and  2  dovolopod  clinical 
symptoms  of  encephalitis  and  showod  paralysis  of  tho  logs. 
Howovor,  the  foxes  did  not  succumb  tho  disease  and  rosti- 
tutod  completely, 

The  polecats  showod  e  viremia  similar  to  that  of  tho 
foxos. 

Wcasol  numbor  1  showod  a  short  but  high  virornio}  from 
the  second  woasol  virus  was  isoiotod  only  from  tho  blood 
sainplo  takon  on  tho  first  day  p.i. 

The  throo  badgors  did  not  cJevolop  viromia  after  sot¬ 
ting  up  of  ticks,  which  obviously  did  not  suck  on  those 
mammals.  Wo  think,  that  tho  skin  of  badgors  is  too  thick 
to  bo  porforatod'  by  the  hypostoma  of  ticks  of  tho  spocioa 
Ixodes  ricinus.  Aftor  subcutanoous  infection  of  badgor 
number  1,  virus  was  dotoctoblo  in  blood  on  tho  second  day 
p.i,  in  a  vory  low  concont ration  only. 

No  antibodies  ucro  domonstrablo  in  tiio  sorun  of  any 
animal  blod  on  tho  first  or  sneond  doy  p.i.  With  oxception 
of  tho  throo  badgors,  oil  animals  had  acquirod  noutralizing 
antibodies  aftor  disappoaranco  of  viremin.  In  genora?.,  nou¬ 
tralizing  appoarocJ  oarlior  than  hoinagglutination-'inhibiting 
antibodios  which,  as  it  will  bo  soon  in  Table  1,  wore  not 
observed  in  all  coses. 


i<lli4iiUii'iilii.lli»iU>*<il| 
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Tho  CF  tost  woo  only  potformod  with  the  ooro  of  polo*- 
ceito.  All  ©era  were  poeitivo  23  or  30  days,  ronpootiwoly, 
oftor  infection. 

Diacuaeion 

In  a  prQ»/iou8  atwdy,  doocribed  in  loot  yeor's  roport  (l), 
foxes  failed  to  develop  uicomia  aftoic  ortificiol  infection 
with  1000  LDgQ  of  TOE  vlruo.  Those  results  were  somowhot 
puzzling  boceiiae  tho  animols  oloo  lacked  a  response  of  hoin- 
agglutination-inhibiting  antibodies  although  this  typo  of 
antibody  io  frequently  found  in  seta  of  foxos  living  in 
foci  of  TOE  vituQ.  Wo  wondorod,  therefore,  whether  tho  absence 
of  wiremia  under  laboratory  conditions  did  not  have  something 
to  do  with  tho  mothods  employed.  In  particulor,  wo  ttiought 
that  if  the  expariinonts  were  repoated,  utilyzing  the  toch- 
nique  of  q  biological  tronamiosion  of  tho  virus  by  ticks, 
both  viromio  and  hemagglutination-inhibiting  antibodies 
Right  be  produced.  This  oeeumption  was  proved  to  bo  valid 
in  th4  orosent  experiments.  In  the  light  of  our  findings  we 
feel  tn'At  to  ovaluato  the  poseiblo  role  of  an  animal  in  tho 
cyolo  of  an  arbovirus,  oxporiments  ought  to  bo  corriod  out 
with  tho  natural  voctor  as  done  by  us. 

It  io  striking  that  tho  foxos  also  devolopod  viromio 
after  the  artificial  infection  with  1.000,000  of 

T0E  virus  (os  comporod  with  1,000  used  in  lest  yoar's 

experiments).  Thin  iimy  indicutu  that  »uo  uriderostiniatscJ  the 
amount  of  virus  trensmittod  by  tick  bito. 

According  to  our  exporiinonts  with  Anodomus  flavlcol- 
lia  (2)  on  tho  threshold  of  viromia  nocoseary  for  passing  on 
tho  virus  to  sucking  ticks,  foxes,  polecats  and  woaoo.ls 
CO  n  act  as  vortobrato  hosts  of  TBE  virus  in  nature.  Garni- 
worn  aro  probably  not  nocoosory  to  maintain  tho  virus  cycle 
in  a  small  focus  but  they  may  constitute  amplifying  hosts 
and,  due  to  thoir  large  homo  range,  carry  the  virus  over 
long  distances  thus  starting  now  foci. 

Tho  fact  that  a  hemagglutination-inhibiting  antibody 
rosponso  was  not  domonstrablo  in  all  animals  is  in  good 
Qocordanco  with  tho  results  of  tho  survoy  with  stsrn  of  gamo. 
Also  in  this  study  (see  page  3)  more  sera  woro  positive  in 
tho  NT  than  in  tho  HI  test. 
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Sumniarv 


Threo  young  foxos  (V/uloos  vulpoa).  Tour  young  polocats 
(Puhoriuo  putorius).  two  woaaols  {Muatolo  nlunllo)  and  throo 
iiodoorp  (Wolus  hihIob  )  woro  infoctod  with  TBt  uirua  by 
houing  virua-inf octod  nympha  and  fomalos  of  Ixodes  yicinus 
suck  on  thorn.  Viromio  in  t'oxos  and  polecats  lastocl  up  to 
four  days  reaching  inaximol  titors  from  10.^*®  to  lO^LU  . 
Uoasols  douelopod  viromio  of  o  shorter  duration,  and  no^ 
uiremia  was  obsorvod  in  badgors  aftor  tho  biological  trans¬ 
mission  of  TBE  virus. 


The  young  foxos  which  wore  infoctod  subcutano.ously 
with  largo  doses  of  two  diffovont  strains  of  TBE  virus 
("Hypr"  and  "Oozek")  woro  equally  viremic  os  foxos  in¬ 
foctod  by  ticks. 


Throo  of  tho  infoctod  foxos  dovolopod  oncopholitis 
witiiin  opproximotoly  two  woolo  p.i,  but  rocovorod.  As  o 
rulo,  neutralizing  antibodies  woro  found  in  soro  oftor 
viromia  had  disappoarod  but  homagglutination-inhibiting 
antibodios  woro  not  constantly  obsorvod. 

Wo  concluded  that  carnivora  con  act  os  hosts  of 
TBE  virus  in  nature, 
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(1)  KunZjCh.;  Follou-up  Studies  of  T’-ct<“Borne 

Encephalitis. 

Annual  Report  1968 

Contr&ct  Number  3A37-67-C-0548, 

(2)  Radda,A.,  H. Hofmann,  G.Protzmann:  Threshold  of 

viremla  in  Apodemus  flavicollis  for 
infection  of  Ixodes  ricinus  with 
Tick-ho.'ne  encephalitis. 

Acta  uirol.,  3^  74-77  (1969). 
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Oiagnostic  Studies  on  Patients 

Diagnostic  studies  uete  done  as  repeatedly  described 
in  previous  reports. 

From  January  through  December  1966,  a  total  of  7B  cases 
of  T8C  and  21  cases  of  possible  T8C  uere  diagnosed  in  our 
laboratory.  The  patients  u/ere  hospj^talized  in  the  following 
Austrian  provinces:  Vienna  22  (7)  ,  Burgenland  3  (1), 

Louer  Austria  30  (11)  and  Upper  Austria  23  (2).  The  high 
incidence  of  TBE  in  Upper  Austria  is  striking  and  could 
indicate  the  advance  of  the  virus  to  the  Uest  of  Europe 
(see  also  page  3). 
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STUDIES  ON  MOSQUITQ-SQRNE:  viruses  in  AUSTRIA 


(l)  Introduction 

Sinco  1963,  extensii/e  yi'.xiles  on  mosquitoGO  and 

their  role  as  uactors  of  arbof.irusos  were  carried  out  in 
several  parts  of  Eastorn  Austria*  -'hese  investigations  led 
to  isolotione  of  Tahyna  virus  in  tht  OariUbo  valley  (1,2) 
and  in  the  steppe  biotops  east  to  the  Meusiodlersoe  (2,3) 
and  of  Calovo  virus  (3,4)  in  tho  !Jousiodlersoe~area. 

Due  tc,  tho  fact  that  in  the  Eastern  part  of  the  Weu- 
siedlersae-area  -  tho  so-called  Seeuinkol  -  at  tho  Hun-  : 
garian  border  boch  viruses  were  detected  in  oxtromely 
high  infection  rates,  our  studios  were  concentrated  to 
this  area  with  the  aim  to  establish  the  cycle  of  these 
viruses  throughout  the  year.  For  this  purpose,  the  fol- 
lowing  investigations  were  carried  out: 

1>  Mass  collections  of  mosquitoes  and  virus  isola¬ 
tion  experiments  therefrom,  in  order  to  find  the  species 
able  to  transmit  the  viruses  and  to  determine  tho  months 
of  virus  activity. 

2.  Serological  investigations  on  wild-living  and 
domestic  vertebrates  in  order  to  get  somo  information  on 
the  spoctrum  of  vertebrate  hosts,  particularly  also  on 
those  which  might  act  as  reservoir  of  the  viruses  during 
winter.  These  studies  were  supplemented  by  studios  on  the 
course  of  experimental  infection  of  several  vertebrate 
spocios . 

3.  Exposure  of  sentinol  rabbits  in  order  to  get 
further  information  on  tho  seasonal  occurrence  of  the 
viruses  . 

4.  Experimental  studies  on  tho  hibornation  of  Tahyna 
and  Calovo  viruses. 
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(2)  14035  collsctions  of  inosouitoes  and  virus  isolation 

axperiments  theroProm 

In  1967  from  April  13  to  November  13,  17  excursions 
wore  carried  out  to  the  steppe  biotops  -lH  tho  Soeuinkol 
near  tho  Hungarian  border.  Mosquitoos  wore  regularly  col- 
loctod  by  two  methods.  On  ono  hand,  mosquitoes  wore  caught 
in  a  cow  barn,  two  rabbit  cages  and  a  pig  barn  during 
day.  On  the  other  hand,  entomological  nets  wore  swopt 
through  the  air  from  evening  twilight  until  ono  hour  after 
sunset.  Tho  mosquitoos  were  sucked  into  aspirators,  imme¬ 
diately  frozon  in  dry  ice  and  then  kept  at  -DO°C  until 
processing  for  virus  isolation  oxperimonts.  For  this  pur¬ 
pose,  mosquitoos  were  identified  under  the  stereomicro- 
scopa.  Then  they  uero  ground  in  mortars  and  suspondod.  in 
2.S  ml  of  TCM  199  containing  0,755?>  bovine  albumin©  and 
and  antibiotics  bufforod  to  7,2  pH.  Pool  size  varied  from 
1  to  SO  individuals.  The  suspensions  wore  centrifuged 
at  4000  rpm  for  30  minutos,  and  tho  supernatants  wore 
inoculated  intracerobrally  into  baby  mice,  which  mico  wore 
observed  for  fourteen  days  for  signs  of  illness.  Identifi¬ 
cation  of  virus  strains  was  done  by  moans  of  tho  immuno- 
fluoroscont  method  (5). 

The  results  of  colloctions  of  mosquitoes  and  of  v/irus 
isolation  oxperimonts  are  shown  in  Tabios  1  and  2.  It  will 
be  seen  that  altogether  100,207  mosquitoes  comprising 
19  spocios  were  caught  in  1967  from  which  107,(332  indi¬ 
viduals  woro  tested  for  virus  in  2438  pools. 

A  total  of  25  strains  of  -hyna  virus  was  isulntod, 
namoly  15  from  mixed  pools  of  ^gg  caspius  and  Andes 
dorsalis . one  from  flansonia  richiardii,  three  from  Anophe- 
los  maculipennis  and  six  from  uniduntifiod  mosquitoos. 
Mosquitoos  infected  with  Tahyna  virus  woro  found  during 
the  period  from  June  17  to  July  26. 

In  addition,  53  strains  of  Calovo  virus  woro  isolated, 
all  deriving  from  Anopheles  maculipennis.  This  virus  was 
found  during  the  period  from  August  4  to  Soptomber  29. 

Moroovor,  four  agents,  presumably  virusos,  woro  iso¬ 
lated  from  Aedes  voxans  (Oune  17),  Anopheles  maculipennis 
(Ouly  14),  Mansonia  richiardii  (July  14  and  July  24),  which 
could  not  be  idontifinO  as  Tafiyna  virus  nor  Calovo  virus 
by  means  of  the  immunofluoroscent  mothod.  Studios  on  thoso 
agents  arc  in  progross. 


In  196G,  11  0Xcur«ion8  uiaro  carriod  out  in  tho  same 
localities  aa  in  1967  during  ttio  poi'iocl  from  AprH  lO  to 
October  29.  A  total  of  about  50,000  mosquitods  uias 'col- 
loctsd.  So  far,  only  a  small  part  has  boon  tpstod  for 
virus.  Ug  succGOdod  in  isolating  four  strains  of  Tahyna 
virus  from  mixod  pools  of  Aodas  oaspius  and  Aodos  dorsalis 
colloctod  on  3uno  25,  and  one  strain  of  Tahyna  virus  from 
Anophelos  maculiponnis  colloctod  on  luly  ID. 
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Tablu  1  qIv/go  an  account  of  a  oorological  ouruoy  dono 
uith  Dora  of  souerol  vei-tobroto  opooioo  occurring  In  tho 
Soouinkoli 

The  aora  uoro  toatod  in  the  ttoouo  oulturo  noutralJLzo-  • 
tlon  teat  employing  the  ootabliahod  coll  lino  GMK-AH  1,  Tho 
colle  uore  groun  in  tuboo  uaing  Qaglo'o  mininml  ooaontlal 
modium  (MEM)  oupplomontod  uith  20  calf  oorum  an  growth 
iiiodiuin.  Prior  to  inoculation,  tho  modium  was  ruhiodcicJ  aind 
replaced  by  Eagle's  modium  containing  5  calf  aorum. 

Tho  oorum  aamploo  wore  diluted  1:5  in  PGB  and  tooted 
ogalnot  30-500  TCM,  of  Tohyna  and  Colovo  uiruooa*  Tho 
vlrua-aorum  mixtur^'^uae  incubated  ouei'  night  at  +  o°C.  For 
each  serum  two  tuboa  wore  used.  Maintenance  medium  waa 
changed  24^  oftor  inoculation  and  then,  if  necoeeary,  at 
two  doya*  intervals. 


It  must  bo  atated  that  hodgohogo  (Erinaonus  ouropnouQ) 
worn  Inuoatigotod  by  mark  and  roloaso-trapping  uoing  wator- 
proof  painte  for  marking.  This  study  wae  done  bo  inuoatigoto 
the  pooaibility  of  ovorwlntorlng  of  Tahyna  viruo  in  thoeo 
hotorothormal  anlmalo  (coo  also  pogd  ('6)  and  looted  from 
tho  beginning  of  1967  until  the  ond  of  1968.  buring  bhXo 
period,  a  total  of  147  individuolo  woo  marked}  116  hedgehogs 
wore  caught  twice,  5  throo  times,  1  four  times,  2  five  times, 
and  1  six  timoc.  Convorsione  of  antibodioo  against  Tohyna 
virus  were  found  in  two  indivicluale  only,  one  in  tho  period 
from  May  5,  1967  ond  3uly  25,  1967,  tho  other  botwoon 
3uly  IS,  1967  ond  April  10,  1960. 

It  will  bo  noted  in  Table  3  that  moot  of  tho  sora 
tasted  gainst  Colovo  viruo  worn  douoid  of  antibodioo.  Posi¬ 
tive  sora  wero  only  found  among  semploo  doriving  from  roo 
door  (Cnnrcio.liio  caprooluo)  and  horsoo. 

With  Tahyna  virus,  the  highest  proportion  of  positive 
seta  woo  prooont  among  haros  ( Lepus  our opoGus)  and  pigs. 


■  V-'-'-TT- 


Tnblo  i 

Sorolooiool  ourvoy  on  uortsbrntoe.  oo.ouwing  .in  tho 

Soouiirtkol 


SpociOo 

Number  of 
aord 

uollociod 

So  for  tootDd 
agdinet  Colouo 
wiruB/poeitivo 

So  for  *  jstQd 
ogainot  Tahyno 
yirus/pDoltlwQ 

Erinacouo 

Duropnoua 

147 

147/0 

140/9 

Sorox  oconouG 

13 

7/0 

13/0 

Crocidufo  louoodon 

15 

8/0 

15  '0 

Ctociclura  ovavoolQuo 

2 

- 

2/Li 

PlOQQtUO  QUOtCiO-' 
oua 

1 

- 

1/0 

Pipioti'olluB 

nathustl 

1 

1/0 

Lepua  QuropoouG 

269 

260/0 

269/76 

Cltolluo  citollua 

90 

29/0 

90/1 

Cricotua  cricotuo 

40 

40/0 

40/0 

Pitymyo  oubtorronoua 

2 

2/0 

2/u 

niorotuo  nrvalio 

79 

57/0 

79/0 

Apodemu« 
f iQyioollio 

IS 

11/0 

15/0 

Apudoinuo  niiorope 

22 

21/0 

22/0 

Muo  mijoculuo 

1 

i/b  ’ 

1/0 

Uulpos  vulpoo 

7 

7/0 

7/1 

SuG  Qcrofo 

3 

2/1 

3/1 

Sue  ocrofo 
domooticQ 

17 

17/0 

17/11 

Coprooius  cQproolua 

10 

10/7 

9/4 

Equua  cabollue 

2 

2/2 

2/1 

Lucorto  egilia 

65 

- 

65/0 

Notrix  natrix 

7 

7/0 

7/0 

From  opring  until  autumn  1967  and' 1960,  oontinol  tabblto 
iDoro  oxpoeod  in  two  oagae  OQoily  oocooolblo  for  moefiultooo. 
Tho  oogou  woro  pluood  In  a  diotnncQ  of  nbout  loo  m  from  ouch 
otiioi'  in  thn  otoppQ  blotopo  eouth  of  tho  willogo  Apotlon 
in  tho  SoQuiinkol-nroa.  Qlood  uoo  token  ty  hoort  punoturo 
uauolly  ouory  two  uiooko.  A  oinall  port  of  tho  blood  woo 
lininodlotoly  frozon  in  dx-y  Ico  end  thon -kopt  at  -OO^C  until 
inoculation  into  boby  inloo  for  viruo  Isolation  oxporlmonto* 

In  CQQO  of  ulrus  ioolotlon,  otrnlno  wuro  idontiflod  by  moans 
of  tho  Immunof luoroocont  muthod.  Thu  root  of  tho  blood  woo 
uoad  for  aorologlcol  otudios.  Tho  ooro  woro  tootod  agciinet 
Ttihyna  virus  and  Colouo  virus  in  tho  NT  os  doacribod  oloo- 
whoro  (ooo  pogo  59). 

So  for,  oil  blood  oamplos  obtoinod  in  1967  woro  tootod 
for  virue*  Ona  atroin  of  an  agont  woe  ioolatod  on  May  20 
from  rabbit  591  which  could  not  bo  idontifiod  ao  Colovo 
nor  oa  Tohyna  virus.  Studios  on  this  agont  will  ba  oarriod 
out  latsr.  Only  a  small  proportion  of  tho  blood  oamplGO 
obtoinod  in  196Q  woro  tootod  for  virus.  To  doto,  two  otrnlno 
of  Tohynn  viruo  woro  ioolatod  from  rabbits  blod  on  3uno  10. 

In  1967,  oonvoroiona  of  ontibodios  uioro  obsorvod 
agoinot  Tatiyna  virus  with  oovon  rabbits  botwoon  -Duly  1 
(first  spociinons  positivo)  end  Ouly  IS  (loot  spocimono 
poaitivo).  Convorsiono  of  ontibodios  against  Calovo  virus 
woro  found  with  four  rabbits  botwoon  July  15  and  Ootobor  16. 

In  196Q,  11  robbits  dovolopod  antibodioo  against 
Tohyna  virus  with  tho  first  go  nv'orsi.of'iG  in  tt'ic  'GcImpIgg 

tokon  on  Juno  IG  onci  tho  loot  on  July  1U»  Tooto  luitli  Colovu 
vJ.i'uo  hGVG  not  yot  boon  donoi 
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Cxoarimontal  studiaa  on  hibernation  of  Tahyna  and 


Lalovo  wxrusoa 

,  .  S^i4.?i  I  Tahvna  «irut 

lizzayds  and  snakes. 


axoBtimentallv  infectad  ftOQs. 


In  cedar  to  Inuastigoto  the  question  of  uihother  Tahyna 
uieus  can  oviotuintor  in  poikilothormal  vartabrates  studies 
on  the  course  of  oxperiniQntal  infection  in  those  species 
uhich  ate  abundant  in  the  Soouinkol  area  uere  carried  out: 
tuo  frog-species  (Rana  osculenta  and  Hyla  arbotea).  one 
lizzard  (Lacarta  aQilie)and  one snokot Matrix  natrix) . 

Besides  those  spocios  a  foiu  other  amphibians  and  reptiles 
occur  in  the  Soouinkol  uhich  are,  hououer,  rare  and  can  bo 
excluded  for  quantitatiuo  reasons. 

.1.1;  Rana  osculenta. 

ruo  groups  each  comprising  12  adult  frogs  uoro  injootod 
subcutaneously  uith  50,000  LDg-  or  50  LDg^,  reapoctiwoly , 
of  a  baby  mouse  brain  suspension  of  Tahyna  virus.  The  frogs 
uero  kept  at  +  22“C.  On  the  3rd,  Bth,  10th,  13th,  17th, 

2l3t,  24th,  2eth,  35th,  41st  and  52nd  day  after  infection 
one  frog  cf  each  group  uas  killed  and  tested  for  virus. 

Brain,  heart,  lungs,  gall  bladder,  pancreatic  gland,  liver, 
kidneys,  reproductive  organs,  fat  body  and  spleen  uore 
ground,  suspended  in  1.5  ml  of  the  medium  described  else¬ 
where  in  this  report  (see  page  49)  and  centrifuged.  The 
supernatant  uas  inoculated  intracerebrally  into  baby  mica. 

No  virus  could  be  isolated,  so  that  it  appears  that  Rana 
esculonta  does  not  develop  viromia  after  infection  uith 
Tahyna  virus. 

5.1.2;  Hvlo  arboroa. 

210  adult  individuals  of  Hyla  arborea  wore  collected 
from  trees  and  divided  into  four  groups.  Two  groups  oach 
comprising  90  individuals  were  inoculated  uith  10,000  LDg^ 
(group  A)  and  10  LD  (group  B),  respectively,  of  a  baby^ 
mouse  brain  suspension  of  Tahyna  virus;  tuo  groups,  each 
comprising  15  individuals,  were  injected  uith  1,000  LOg^ 
(group  C)  and  100  LD  (group  D),  respectively.  One  day 
after  infection,  10  Individuals  of  group  A  and  group  0 
wore  transfegred  to  +  4  C,  the  rest  remained  at  a  tempera¬ 
ture  of  +  22°Cc.  From  this  stock,  three  individuals  of  group  A 
and  group  0  were  killed  on  the  2nd,  6th,  Bth,  10th,  15th, 
17th.  20th,  22nd,  3Dth,  35th,  4Bth  and  56th  day  after  infec¬ 
tion  and  tested  for  virus.  Blood,  heart,  lungs  and  kidneys 
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uore  processed  into  one  pool  end  suspendod  in  0.5  ml  of 
the  usual  modium.  After  centrifugation,  the  suspension  and 
a  ton-fold  dilution  uiorc  inoculated  intracerobraily  into 
baby  mica.  No  virus  uas  isolated. 

72  days  after  infection  all  romaining  individuals  of 
all  four  groups  kept  at  +  22°C  uoro  bled.  The  sora  uoro 
tested  in  the  NT  against  Tahyna  virus  (method  see  pago  59). 
No  antibodies  could  bo  detectod. 

Those  frogs  kept  at  +  4°C  iners  "killod  133  days  after 
infection  and  bled.  No  virus  uas  isolated  by  intracerebral 
inoculation  of  the  blood  into  baby  mice  nor  could  antibodies 
bo  detected  against  Tahyna  virus. 

Prom  this  it  appears  that  Hvla  arborea  develops  neither 
viromia  nor  antibodies  after  infection  with  Tahyna  virus. 

5,1,3;  Lacerta  apilis. 

Two  experiments  were  carried  out  using  two  different 
strains  of  Tahyna  virus,  a  neuroadaptod  strain  and  an  extra- 
neural  strain. 

Experiment  1; 

Two  groups  of  adult  lizzards,  each  comprising  12  indi¬ 
viduals,  luero  injected  subcutaneously  with  50,000  *-D  and 
SO  to  respectively,  of  a  baby  mouse  brain  suspension  of 
Tahyna  virus.  On  the  2nd,  3rd,  4th,  6th,  6th,  10th,  13th, 
15th,  17th,  20th  and  23rd  day  after  infection,  one  indivi¬ 
dual  of  each  group  uas  killed  and  bled.  Tb<3  blood  uas  inocu¬ 
lated  (undiluted  and  in  a  dilution  of  10"'*')  intracerobraily 
into  baby  mice.  No  virus  uas  isolated. 

In  addition,  fivo  individuals  wore  infected  uith 
1.000,000  LO-  ,  five  individuals  uith  100,000  1-0-^  and  four 
individuals  uith  1,000  t-D  of  the  nouroadapted  srrain. 

All  these  lizzards  uore  bind  76  days  after  infection.  The 
sera  uero  tested  in  the  NT  against  Tahyna  virus.  No  anti¬ 
bodies  could  be  detected. 

Experiment  2; 

Tuo  groups  of  lizzards  each  consisting  of  eight  indivi¬ 
duals  were  infected  uith  25,000  LO  and  2,500  l-Dg^, 
respectively,  of  an  oxtranoural  strain  of  Tahyna  virus 
obtained  from  vircmic  hamsters. ■ The  lizzards  were  kept  at 
22  C.  On  the  3rd,  4th,  7th,  11th,  21st  and  42nd  day  after 
infection,  one  individual  of  each  group  uas  killed,  and  the 


blood  was  Inoculated  intracorobrally  into  baby  mice  (undi¬ 
luted  and  lO”  ),  No  virus  uas  isolated-  In  addition,  throo 
individuals  infected  with  25,000  LD^q  wore  transforrod 
to  +  4  C  four  days  aftor  infection.  They  wore  blod  42  days 
after  infection.  Also  in  this  oase  no  virus  was  isolated. 
Thus,  also  lizzards  failed  to  develop  viroinia  and  anti¬ 
bodies  after  infection  with  Tahyna  virus. 


5.1,4;  Matrix  natrix 

Two  groups  of  snakos,  10  adult  individuals  oach,  uoro 
i  hjoctod  with  25,000  and  2,500  >-0  ,  rcspoctivoly, 

of  an  Qxtranourai  strain^of  Tahyna  virus  obtained  from 
vircmic^hamstors.  Tho  snakes  wore  kept  for  four  days 
at  +  22  C<.  Then  threo  individuals  infected  with  25,000  LD 
(group  a)  and  throo  individuals  infected  with  2,500  LOg^ 
(group  8)  remained  at  room  temporature,  the  rest  (group  C 
and  D)  was  transferred  to  +  4°C. 

On  tho  3rd,  4th,  7th,  11th,  14th,  21st,  38th,  81st 
and  119th  day  after  infection  blood  was  taken  by  clipping 
tho  tail  from  one  snake  of  group  A  and  group  B  and  inocu- 
latod  undiluted  and  in  a  dilution  of  10“^  into  baby  mice. 

No  virus  was  isolated, 

Tho  blood  of  ono  onako  of  group  C  and  group  D  was 
tested  ib  the  38th  and  119th  day  after  infection.  Also 
in  these  cases  no  virus  was  isolated. 

All  snakes  of  groups  C  and  D  wore  removed  on  the 
119th  day  aftor  infection  and  transferred  to  room  tom- 
perature.  Blood  was  taker,  or.  tho  2nd,  3rd  and  ?th  day 
after  this  removal  (i.e.on  tho  121st,  122nd  and  126  th 
day  after  infection)  from  ono  snake  of  both  groups  and 
inoculated  into  baby  mice.  No  virus  was  isolated.  On  the 
155th  day  after  infection  the  blood  of  throe  onakes  of 
oach  group  was  tested  in  the  NT,  ‘No  antibodies  against 
Tahyna  virus  were  detoctod. 

F rom  these  results  it  can  be  concludod  that  the  snake- 
spocies  Natrix  natrix  does  not  show  any  signs  of  virus 
replication  such  as  vireinia  or  the  production  of  neutra¬ 
lizing  antibodies  after  inoculation  with  Tohyno  virus. 

5.2;  Calovo  virus  in  artificially  infected 
Anopheles  maculipennis . 


As  it  has  boon  demonstrated  by  many  virus  isolations 
Anophelos  maculipennis  is  the  main  vector  of  Calovo  virus 
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maintoining  tho  virus  cycio  during  ths  summer  months,  Houi- 
Qwor,  it  is  unknown  whether  the  virus  can  also  hibernate  in 
this  mosquito  species  which  overwinters  in  the  imaginal  stage. 
This  question  was  investigotod  in  an  experimental  study. 

In  the  period  from  October  6  to  December  12,  I960,  we 
collected  about  6,OCO  overwintering  females  of  Anopholua 
maculipennis  messoao  in  hay  barns,  from  these,  3,140  indi¬ 
viduals  were  infected  intrathoracally  with  Calovo  virus 
(lD”'*'suspQnsion  of  baby  mouso  brain  in  PBS  .containing 
10  JJj  calf  serum). 

After  ingculation,  roost  of  the  mosquitoos  uoro  incu¬ 
bated  at  +  22  C  and  90  %  r.h.  for  five  days  and  then  kept 
at  +  4  C  and  90  )il  r.h.  Only  a  small  part  was  kept  in. tho 
attic  under  conditions  similar  to  those  in  nature  with 
varying  temperature  and  humidity.  Six  hours,  24  hours, 
4,5,25,32,40,42,46,53,60,67,119,126,133,147  and  155  days 
after  infection  three  mosquitoos  were  removed,  suspended 
in  1.5  ml  of  TCM  199  containing  0.75  %  bovine  albumin j 
and  antibiotics,  bufforod-to  7.2  pH,  and  titrated  in  baby 
mire  by  intracerebral  infection.  After  5  months,  the  supply 
ol  surviving  mosquitoos  was  completely  exhausted. 

The  results  of  these  virus  isolation  experiments  are 
shown  in  Table  4, 

From  these  results  it  appears  that  replication  of  the 
virus  starts  batwoon  the  1st  and  4th  day  after  inoculation. 
After  two  months  the  virus  titer  decreases  slowly.  Yet  even 
after  5  months,  when  the  lost  surviving  mosquitoos  wore 
tested,  virus  was  still  detectable. 

Out  of  the  small  numbers  of  infected  mosquitoes  kept 
under  more  or  less  natural  conditions  in  tho  attic  throe 
individuals  wore  tested  for  virus  on  the  32nd  and  115th  day 
after  inoculation.  Both  pools  wore  positive. 
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(6)  Diocussion 

Tehyna  v/irus 

During  the  laat  throo  yoars,  Tahyna  virus  regularly 
QCCLitred  in  tho  steppe  biotops  in  tho  Eastorn  part  of  tho 
NousiedlerseQ-aroQ.  Theto,  tho  main  vectors  are  Aedes 
casniu'  and  Aodoa  dorsalis  in  which  very  high  infection 
ratos  L  ;g  obsorvod;  besides  by  these  species  the  virus 
is  also  transmitted  by  Aedes  flavescons  and  Hansonia 
richiardii.  Three  strains  wore  isolated  from  Anopheles 
moculioennis.  but  these  strains  probably  derived  from  in¬ 
dividuals  newly  engorged  on  viromic  cattle.  As  could  be 
demonstrated  by  Oaniolova  (6),  tho  virus  does  not  multiply 
in  Anoahelos  maculiponnis.  In  the  lowlands  along  the 
rivers  tho  virus  is  mainly  transmitted  by  Aedes  voxans 
and  Aodes  cantans  (2,7,6). 

From  all  theso  mosquito  species  virus  was  isolated 
in  June,  July  and  August  only.  Theso  findings  are  in  good 
agreomont  with  the  results  obtained  with  sentinel  rabbits. 

From  the  results  of  our  serological  studies  it  can  be 
concluded  that  hatos  and  roe  dec.  are  the  main  vertebrato 
hosts,  while  pigs  might  maintain  the  cyclo  in  the  villages. 
In  addition,  antibodies  woro  found  in  hedgehogs,  ground 
squirrels,  foxes,  wild  boars  and  horses. 

Thus,  tho  main  arthropod  and  vortebrate  hosts  which 
maintain  the  virus  cyclo  during  summer  ere  known. 

The  mode  of  hibernation  is,  however,  still  unknown. 
From  cur  scrclogioal  studios  with  hodgohogs  carried  out 
on  the  basis  of  mark  and  roleaso-trapping  it  appears  that 
this  hetero-thermal  vortebroto  species  does  not  maintain 
tho  virus  cyclo  during  winter,  though  a  prolonged  viromia 
could  be  demonstratod  in  tho  cold  undor  experimental  con¬ 
ditions  (9).  Serological  surveys  carried  out  with  hamsters, 
ground  squirrels,  lizzards  and  snakes  hovo  also  yielded 
nogativG  results.  Frogs  (Rana  osculonto.  Hvlo  arboroa). 
lizzards  (Lacerta  aoilis)  and  snakos  (Matrix  natrix)  do 
not  develop  viromia  not  antibodies  after  inoculotion  of 
virus,  so  that  it  can  bo  concludod  that  they  do  not  act 
as  hosts  of  tho  virus.  Thus,  a  hibornation  in  those  spocios 
can  also  bo  excluded. 

Oaniolova  ot  al.  (10)  have  recently  studied  tho  pos¬ 
sibility  of  hibernation  of  Tahyna  virus  in  ovorwintoring 
femalos  of  Culisota  annulata.  Under  oxporimcntal  conditions. 
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the  virus  could  be  isolated  up  to  12  weeks  after  infsctiont 
Culiseta  annulate  is,  however,  a  rether  rate  epecioe,  so 
that  it  seems  unlikely  that  the  low  populotion  deneitloo 
are  sufficient  for  tho  maintenance  of  the  virus  cycle, 
if  even  the  virus  can  overwinter  in  this  mosquito  under 
natural  conditions. 

It  is  striking  that  tho  seasonal  appearance  of  Tahyne 
virus  coincides  with  the  development  of  Aedee  species,  mainly 
of  Aades  caapiue  and  Aedes  dorsalis.  One  wonders,  therefore, 
whether  transovarial  infection  of  the  mosquito  vectors  ie 
possible,  $0  far,  transovarial  infection  in  mosquitoes  has 
not  yet  been  established  with  any  virus  of  the  erbo  group 
(chamberlain  11),  future  investigations  should,  however, 
deal  with  this  problem  in  detail.  It  might  bo  possible 
that  the  virus  is  transmitted  in  an  uninfectious  form  to 
the  eggs  and  to  the  following  instars,  becoming  infective 
in  the  imsginai  stage  through  the  influence  of  mutagenic 
noxes.  As  the  rearing  of  the  vectors  of  the  Tahyna  virus 
meets  many  technical  difficulties,  these  studios  should 
first  be  conducted  with  a  model,  for  example  Aedes  aeovoti, 
using  Tahyna  virus  ond  a  virus  which  is  transmitted  by 
Aedes  aeqypti  in  nature  such  as  Dengue, 

Calovo  virus 

It  became  evident  through  our  studies  that  in  the 
steppe  biotops  east  of  tho  Neusiedlersee  at  tho  Hungarian 
border  the  Calovo  virus  occurs  -  at  least  in  some  years  - 
in  unusually  high  infection  rates.  The  main  vector  of  this 
virus  is  undoubtedly  Anopholos  ,  maculioennis ;  besides  this 
species,  only  !*!,  riehiardil  was  occasionally  found  to  bo 
infected.  All  virus  Isolations  were  made  from  mosquitoes 
collected  during  August  and  September  only.  This  roughly 
corresponds  with  the  results  obtained  with  the  sentinel 
rabbit  technique.  In  a  two  years 's  study  conversions  of 
antibodies  against  Calovo  virus  wore  invariably  observed 
during  tho  period  from  the  middle  of  July  until  the  middle 
of  October, 

In  a  serological  survey,  roe  deer,  horses  ond  wild 
boars  were  found  to  have  antibodies  against  tho  virus.  It 
is  not  yet  quite  clear  which  vertebrate  species  maintains 
tho  cycle.  Besides,  roe  deer  which  are  fairly  abundant  i.n 
the  area  under  investigation  also  cattle  which  is  heavily 
attacked  by  Anopheles  maculiusnnis  has  to  be  considered  as 
host  of  this  virus.  This  is  indicated  by  tho  fact  that  most 
of  tho  strains  wore  isolatod  front  mosquitoes  collected  in 
a  cow  barn,  A  serological  survey  will  clarify  this  point. 
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All  sera  of  hotorotherinal  and  poikilotti>Q|C(flal  uerto- 
brotes  (hedgehogs,  hameters,  ground  squirrolV,'"  lizzbrds 
and  snakes)  tested  for  antibodies  ugoinst  Calovo  virus  uoro 
found  to  bo  nogativo^  A  study  on  tho  course  of  experimental 
infection  of  shakos  with  Calovo  virus  is  still  in  work. 

From  the  results  so  far  obtained  it  may,  houevor,  bp  con¬ 
cluded  that  heterothormal  and  poikilothormal  vertobroteo 
do  not  take  part  in  tho  virus  circulation  and,  particularly, 
do  not  act  as  hosts  durirtg-wintej?.—  . . 

In  order  to  invoetigate  uhethor  tho  virus  can  hiber- 
neto  in  overuintoring  females  of  Anopheles  maculipennis 
messooo.  tho  course  of  oxpotimental  infection  with  Calovo 
virus  by  intrathoracal  infection  of  this  species  was 
studied.  From  the  results  it  appears  that  virus  replica¬ 
tion  starts  between  tho  first  and  fourth  day  aftor  infec¬ 
tion.  In  tho  course  of  five  months  a  slow  decrease  of 
virus  titer  in  the  mosquitoes  was  observed  which  may  be 
traced  back  to  the  reduced  physiological  status  during 
hibernation.  It  is,  however,  concoivablo  that  the  virus 
titer  would  increase  after  a  blood  meal.  Daniolovo  ot 
al,  (10)  who  infoctod  ovorwintoting  femalos  of  Culiseta 
annulaba  with  Tahyna  virus  also  observed  a  docroaso  of 
tho  virus  titer  during  hibernation, but  found  higher  titers 
in  mosquitoes  which  had  boon  exposed  to  higher  tompero- 
turo  after  interrupting  tho  hibernation  before  tho  virus 
isolation  oxperimont.  Tho  fact  thot  tho  Calovo  virus  could 
be  demonstrated  in  ovorwintoring  females  of  Anopheles 
Baculiponnis  oven  five  months  aftor  infection  leads  to  tho 
assumption  that  the  .yijcj4a_jiiiotidL.-P.Qaaibly  hibornato  in 
Anopholos  maculipennis.  It  is,  howov.ot,  striking  that 
signs  of  virus  activity  in  nature  could  nover  bo  dotocted 
before  the  middle  of  August.  On  tho  other  hand  this  disoro- 
pancy  might  bo  oxploinod  by  tho  low  numbers  of  infoctod 
mosquitoes  surviving  until  spring.  Tho  infection  ratos 
might  bo  very  low  in  spring  and  slowly  inernaao  until 
reaching  a  detectable  level  in  summer. 

In  future  studios  it  should  bo  oxplorod  if  virus 
replication  in  hibernating  fomolos  of  Anopholos  maculipennis 
can  bo  stimulated  by  moans  of  a  blood  moal.  In  addition, 
tho  possibility  of  a  transovorial  infoction  should  bo 
studied  in  detail.  For  this  purposo,  fomaloa  of  Anopholos 
maculipennis  culloctod  in  tho  fluid  should  bo  infoctod, 
and  tho  F j^-gonoration  should  be -oxpoeod  to  mutogonic  noxos 
thus  possibly  inducing  a  tranf ormation  of  tho  "ecliptic 
phaso"  of  the  virus  into  an  infectious  form. 
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(7)  Suinmarv 

Fiold  invostigct-iono  and  oxporimentfll  atudioe  on  tho 
ecology  of  Tahyna  and  Calovo  virusoc  wore  carried  out. 

Both  vitueea  occur  in  high  infection  rates  among  cortoin 
opocioo  of  niosquitooo  in  tho  eastern  part  of  the  Neuoiod- 
lerseo-aroo  near  tito  Hungarian  border.  The  inoin  vectors 
of  Tahyno  virus  are  Aedea  caepius  and  Aedos  doraalis.  the 
Calovo  vitue  ie  mainly  transmitted  by  Anopheles^  maouli- 
pennis.  Virua  isolations  from  mosguitooo  and  virologicol 
and  serological  studios  dono  uiith  sontinol  rabbits  hove 
shown  that  Tohyna  vi^-us  is  dotoctoblo  from  ths  middle  of 
June  until  tho  end  of  August,  and  Calovo  virus  from  ths 
middle  of  July  until  tho  middlo  of  Octobor.  " 

The  main  vertebrate  hosts  of  Tahyna  virus  are  hares, 
roe  deer  and  pigs.  Antibodies  against  Calovo  virus  were 
found  in  roe  deer  and  horses  only. 

The  hibernation  of  both  viruses  is  still  unknown.  It 
was  ostablishod  that  neither  heterothermal  (hedgehogs, 
ground  squirrels,  hamsters)  nor  poikilothormal  vertebrates 
(frogs,  llzzards,  snakes)  can  maintain  the  virus  cycles 
during  winter.  Due  to  the  fact  that  tho  Calovo  virus  re¬ 
plicates  in  hibornoting  females  of  Anopheles  maculiponnio 
after  intrathoracal  infection  and  was  dotoctabje  even 
after  5  months,  evidence  suggests  that  this  virus  might 
perhaps  overwinter  in  this  mosquito. 
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Tablo  4 

Virus  isolation  oxporimorits  from  ovoruintoring  Anopliolee 
maouliponnia  itioesoso  infectod  with  Calouo  virus 

Number  of  mico  infocted/Numbor  of  inico  cliod 

-.1  ~2  -3  “A 

3  mosqui-  10  10  10  ID 

tOQG  in 

1,5  ml  of 

medium _ _ 


0  hours 

0/0 

S/2 

7/3 

6/0 

5/0 

24  hours 

7/7 

0/6 

5/0 

0/0 

5/0 

4  days 

7/7 

7/7 

8/0 

6/4 

8/1 

5  days 

0/8 

5/5 

5/5 

6/1 

6/1 

25  days 

9/9 

9/9 

6/4 

6/1 

10/0 

32  days 

6/6 

5/5 

7/5 

5/0 

7/0 

40  .days 

.  5/S 

S/5 

6/3 

8/2 

0/0 

42  days 

7/7 

5/5 

6/6 

5/3 

0/5 

46  days 

7/7 

8/7 

0/5 

6/1 

- 

53  days 

9/9 

6/6 

10/0 

0/0 

7/0 

60  days 

8/0 

10/0 

7/0 

7/0 

6/0 

6  ?  d  G  y  G 

9/9 

9/0 

8/1 

0/8 

7/0 

119  days 

0/7 

0/0 

0/0 

6/0 

8/0 

12G  days 

9/7 

9/3 

7/0 

7/0 

6/0 

133  days 

0/8 

10/6 

6/1 

8/0 

147  days 

10/2 

9/1 

0/0 

0/Cl 

155  days 

9/5 

0/2 

5/0 

7/0 

Houi'a  roep‘* 
doyb'"fift"6r 
inf oction 


-71- 


Lltoraturo  cilQcJ 


(1)  AoptickjHt  und  Kunz^Citi  i  looliururiQ  doo  Tahyno-Vlruo 

QUO  StochinUckon  in  botoi-raich. 

Arch. goo.  Vltuoforschg. ,  1^0,  0-15  (1966). 

(2)  AspdokjM.  und  Kunz,Ch.:  Untcrouchungon  Ober  dla 

Okologio  cloa  Tohyna-Uiruo . 

Zbl.Qakt.,  I.Otlg.,  203.  1*24  (1967). 

(3)  Aq[)6cI<,II.;  Woltoro  Untorouchungcn  Ubor  dio  dumb 

StoohmOckon  Obortvagunon  Arbovlron  bator- 
reicha . 

Zbl.Bakt.,  I.Orlg.,  200.69-00  (1960). 

(4)  Aopbck>H.  ut»d  Kunz,Ch,j  Igoliorung  due  Colovo 

(eOatoisChitoor )  -Virus  aue  StochmUckon 
in  dstorroich. 

WiGn.MQd.Uachr, ,  118,  497-490  (i960). 

(5)  KunZfCh.  und  Aspdck.H. :  Schnalldlognoou  von  Tahyno- 

Viruo  mittols  dor  Immunofluoroozonz-Motho- 
da. 

Zbl.Bakt.,  I.Orig.,  ^,25-29  (1967), 

(6)  DoniolovQ, V. :  Tha  rolation  of  the  virua  Tahyna  to 

aom.i  spociea  of  moaquitoes  of  tho  gonoro 

Aodoo,  Culox  and  Anophaloa, 

folio  poi'Qsitol.,  3^,97-102  (1966). 

(7)  Kolman, 0.M. ,  Malkovo,!). ,  IMomoo.A.,  SinotonB,A., 

HoJkovQjZ.  u.O.Minar:  The  isolotion  of 
tho  Tahyna  virua  from  tho  moaquito  Aodoa 
voxano  in  Southorn  f'lorovia. 
J.bvg.Cpidomici.MicrQbici . Immunol. , 
0,300-306  (1964). 

(0)  flolkovQjO.,  Ooniolova,  V . ,  Kolman.O.rn. ,  Winar.O. 

u.Smotona, A. :  Natural  focua  of  Tahyna 
virua  in  South  Moravia. 

O.tlyg.fpidomiol. Microbiol.  Immunol. , 
9,434-440  (196S). 

(9)  Siml<ova,A,;  Quantitative  atuejy  of  oxparimontol  Tahyna 
virua  infoction  in  hibornoting  hodgohogo. 

3, Myg.Epidomiol. Microbiol. Immunol. , 

10., 499-509  (1966), 


. . 


-72- 


(10)  Donlsl ova >  U . ,  Minor, 0.  u.  Roolcky ,  £)>  t  Expariiriontal 

oorviuol  of  tho  ulruo  Tci^iyna  In  itibor- 
noting  mooc|uitooQ  In  Thoobalclin  onnuloto 
(Schrk. ) . 

Folio  poranliol.,  JJ, 103-107  (19G0). 

(11)  Ctiarnborloio, U.  j  Arbovlruooo ,  tho  orthropod-borna 

fl(titmil  viruoae, 

Curtont  Topics  in  nicrobioloqy  and  Itninu- 
nolOQy,  4^,30-50  (19C0). 


GKBinAN.Y.J mnsmc  y lRUSJ^_VEJiV£TJ!!Q■NKEY_,PJg£A,SLAGENT ., 
BMAeDOVIRUS  SIOIIAE)  ftNO  US  POSSTdlT  CLftSSI^  AS 

AN  ABBOl/IfiUS 


(1)  r.ritroduQtJ.on 

In  last  year 'a  report  (1)  uo  oummarizod  tho  roeulta 
of  a  otudy  on  tho  ao-callod  "Morburo  viruo".  Thio  hithorto 
unknown  ogont  oauoocJ  on  outbrook  of  homorrliaoJLc  fovor 
among  laboratory  workers  in  Norburg  and  Frankfurt  (Germany) 
In  August  and  September  1067.  U/o  roportod  that  tho  ogont 
shows  seme  ohaioctorlatlco  of  an  arbooiruo.  It  roplicatee 
in  tho  braino  of  baby  inioo,  is  oonsitiuo  to  dosoxycholate 
and  its  morphology  rGoomblos  those  of'  the  rod-ahapod  ar- 
bov/iruoos  wliich  aro  now  placod  in  tho  rhabdoviruo  group. 
Othor  workers  found  that  the  agent  io  inactlwatod  by 
other  (2)  and  contains  RNA  (3)  thus  exhibiting  featuree 
which  are  also  oompotiblo  with  tho  orboviruo  group. 

In  1968,  our  resoaroh  unit  carried  out  intenelwe 
atudloa  with  this  faooinatl.ng  now  virus.  In  partiouior, 
wo  attempted  to  get  some  more  information  on  tho  question 
whether  or  not  it  is  Justified  to  claseify  tho  ogont  ao  on 
arbovirus.  Tho  torm  ''arbovirus"  io  presently  used  as  an 
ooologio  critorium.  In  this  sense  also  the  mooquito»>borno 
rhabdovirusoe  ouch  as  Vesicular  Stomatitis,  Hart  Pork  and 
Cocal  viiusee  aro  membors  of  tho  arbovirus  group. 

(2)  Attempts  at  tho  nropanation  in  acthro  ode 

In  a  first  eoriea  of  exporimonte  wo  ifnMiiHtigatod  tho 
ability  of  the  virus  to  inuitipjy  in  {H't.’.f ioinlly  infOCtOd 
arthropodo. 

(2.1)  Ticks  of  Soqcioo  Ixodoo  rii.inus 

Fomalo  ticks  woro  infoctnd  by  tho  oiol  route  with 
a  thin  glass  capillary  filled  with  viromic  guinoa  pig 
serum  containing  lO'LO  ^/ml,  Infoctod  ticks  woro  kept  in 
Q  moist  atmosphero  ut  Boom  tomporaturo  for  10  days  at 
which  time  tho  survivors  woro  ground  and  suspended  in  PBS. 
This  Guoponeloii  was  injected  into  ticks  for  a  socond  pas- 
sago  and  into  guinoa  pigs  to  tost  for  virus.  Ticks  of  tho 
second  poosago  wore  also  tested  for  virus  oftor  15  days 
in  guinoa  pigs.  No  virus  could  bo  ioolatou  from  guinoa 
pigs  infoctod  with  a  suoponsion  of  tho  initialiy  infoctod 


ticks  or  those  of  tho  socond  passage.  Therefore,  wo  con-" 
eluded  that  the  "Warburg  virus"  does  not  replicate  in 
Ixodes  ricinua. 

(2.2)  Moaquitoos  of  the  SDecies  Aedos  aeqypti 

For  investigating  the  ability  of  the  "Warburg  virus" 
to  replicate  in  mosquitoes,  uo  first  employed  Aodes 
aoqvptx  mosquitoes  which  is  tho  most  commonly  used  species 
for  thia  purpose. 

The  mosquitoes  wore  injected  intrathoracally  with 
the  serum  of  a  viremic  guinea  pig  by  a  very  thin  glass 
capillary.  Tho  infected  Aedes  uoto  kept  in  an  incubator 
at  26  C  and  fed  with  honey  water.  A  high  humidity  was 
maintained  at  all  times.  On  the  ilth  day  surviving  mps- 
quitoas  were  ground  and  suspended  in  PBS.  The  suspension 
was  injoctod  into  guinea  pigs  and  also  into  new  Aedos 
for  a  second  virus  passage.  Mosquitoes  of  tho  second 
passage  were  sacrificed  21  days  after  infection  and 
tested  for  virus  in  guinea  pigs. 

From  both  passages,  virus  could  bo  roisolated  in 
guinea  pigs.  Specifity  of  the  reisolatod  ageht  was  con¬ 
firmed  by  moans  of  fluorescein-labelled  antibodies. 

Thus,  wo  concluded  that  "Warburg  virus"  replicates 
in  Aedes  aoqypti. which  is  a  member  of  the  subgroup  Guli- 
cinae  from  tho  Culicidao  group  of  arthropods. 

(2.3)  Wosquitoos  of  the  Species  Anopholos  maculi-  ' 

ponnis 


F or  investigating  whether  "W«(t)ur9  virus"  also  pro¬ 
pagates  in  mosquitoes  from  the  suBgtoujD  "Ariopholihao, 
Anopheles  maculipennis  mosquitoes  were  also  injected 
intrathoracally  with  tho  virus-containing  serum.  Infec¬ 
ted  mosquitoes  were  kept  at  22  C  and  high  humidity.  On 
tho  2nd,  4th,  8th  and  14th  day,  respectively,  10-20  indi¬ 
viduals  were  ground,  suspended' in  PBS"ahcl  tested  for  virus 
by  injecting  the  suspension  into  guinea  pigs.  Virus  was 
reisolated  after  2  and  4  days;  only  a  low  concentration 
of  virus  was  demonstrable  after  8  days  but  nono  after 
14  days.  From  this  it  is  apparent  that  "Warburg  virus" 
persisted  for  a  fow  days  in  Anopheles  maculipennis  but 
did  not  raplicato  in  this  mosquito  specios. 

Duo  to  its  successful  propagation  in  Aedos  aeqypti 
the  "Warburg  virus"  corresponds  to  tho  ccologic  defini¬ 
tion  of  an  "Arbovirus".  The  fact  that  tho  virus  failed  to 
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roplicate  in  Anoohelea  maculipennis  suggasts  that  itia 
possibly  ttansmltiod  in  natuco  by  mosquitoes  (Culicidae) 
of  tho  subfamily  Culicinas. 

Summary 

It  uiaa  attempted  to  propagate  the"Marburg  wiru8"in 
thrao  different  species  of  arthropods:  Ixodes  ricinus 
ticks  and  mosquitoes  of  the  species  Aedes  aeovoti  and 
Anopheles  maculipennia.  No  virus  replication  was  observed 
in  Ixodes  ricinus  and  in  Anopheles  maculipennis. Houevor. 
tho  virus  multiplied  in  Aedes  aeovoti.  Therefore#  the 
"Marburg  virus"  corresponds  to  tha  ocologic  definition 
"Arbovirus"  and  is  possibly  transmitted  in  nature  by  mos¬ 
quitoes  of  the  subfamily  Culicinae  of  which  Aodes  aeovpti 
is  a  member. 

^3)  Formation  of  interferon  in  tha  brain  of  baby  mice 

after  infection  uith  "Marburo  virus"  and  some 

flhabdoviruses  ^ 

The  mosquito-borne  rhabdovirusos :  VSV,  Cecal  and 
Hart  Park  wore  tested  for  their  ability  to  produce  inter¬ 
feron  in  baby  mouse  brain.  Due  to  the  similarity  of  the 
"Marburg  virus"  to  theso  viruses  (see  page  26)  this  agent 
was  incorporated  in  the  study. 

Baby  mice  were  infoctod  with  high  doses  of  these 
viruses.  When  tho  animals  infocted  with  Cocal#  Hart  Park 
and  USV#  were  in  a  moribund  atate#  tho  brains  wore 
romoved.  Afteiv  Marburg  virus-infection  tho  white  baby 
mouse  shows  no  signs  of  illness  (1).  Therefore  braine  of 
mice  infected  with  this  virus  were  harvested  after  dif¬ 
ferent  days  and  at  different  levels  of  passage  (see  Table  1). 

The  brains  wore  suspendi^d  in  distilled  water  and  dialysed 

against  citrate  buffer  pH  2,  phosphate  buffer  pH  7,5  and 

distilled  water.  Eagle's  medium  of  5-fold  concentration 
was  added  1:4.  Two-fold  dilutions  of  these  preparations 
wore  tested  to  prevent  infection  of  100-300  TCID  of 
EMC  virus  in  L  colls  with  the  method  described  by^Uilcek 
and  Stancek  (4).  As  can  be  soon  in  Tablo  1  no  production 
of  interferon  was  observed  after  infection  with  "Marburg 
virus".  However#  suspensions  of  brains  infected  with  USU, 
Cocal  and  Hart  Park  inhibited  tho  challenge  virus  infec¬ 
tion  in  a  dilution  of  1:40#  1:80  and  1:640#  rospectivoly. 

Thus  giving  rise  to  tho  production  of  high  levels  of  inter¬ 
feron  in  baby  mouse  brain  is  no  common  feature  of  tho 
rhabdovirus  group. 


Summary 


Lou  titers  of  interferon  were  found  in  brains  of 
baby  mice  infected  uith  USU  (ls40)  and  Cocai  virus  (1:60). 
A  high  titer  of  interferon  (1;640)  uas  found  in  baby  mouoo 
brain  after  infection  uith  Hart  Park  virus.  However,  in 
brains  of  baby  mice  infected  uith  the  "Marburg  virus"  no 
interferon  uas  detectable. 

(4)  Influence  of  Polv  1;C  on  the  experimental  infection 

in  hamsters 

In  this  study  the  influence  of  the  interferon-stimu¬ 
lating  drug  Poly  I  :C  (Miles  Chem.Corp.)  on  the  experimen¬ 
tal  infection  uith  the  "Marburg  virus"  uas  investigated. 
This  drug  uhich  is  a  compound  of  polyriboinosinic  acid 
and  Polyribocytidylic  acid  is  capable  of  protecting  mice 
against  fatal  infection  uith  T0E  virus  (see  page  28). 

Tuenty-seven  young  hamsters  ueighing  12'!-JL5  g  usro 
treated  uith  100  pg  Poly  I:C,  18  and  3  hours  before  intra¬ 
cerebral  (0,02  ml)  infection.  For  infection,  a  dilution 
of  10  of  infected  baby  hamster  liver  uas  used.  Prior  to 
infection  the  "Marburg  virus"  had  undergone  three  passages 
in  baby  hamsters.  For  control  purposes  27  animals  were 
infected  but  not  treated.  Four  untreate^  hamsters  uere 
inoculated  uith  a  virus  dilution  of  lo”  for  titrating 
the  virus  dose. 

From  the  hamsters  treated  uith  Poly  I:C  14  died  and 
from  the  control  group  13  succumbed  the  infection  .  The 
average  survival  time,  7.79  and  6.85  days  respectively, 
did  not  shou  any  marked  differences.  From  this,  it  uas 
obvious  that  Poly  I;C  gave  no  protection  against  the 
"Marburg  virus"  infection. 

Summary 

The  interferon-inducing  drug  Poly  1:6  had  no  in¬ 
fluence  on  the  experimental  infection  of  hamsters  uith 
the  "Marburg  virus". 

(5)  Propagation  in  various  tissue  cultures 

In  a  previous  study,  ue  assessed  the  susceptibility 
of  various  primary  cell  cultures  and  permanent  cell  lines 
for  the  propagation  of  "Marburg  virus"  (5).  Although  the 
virus  multiplied  in  a  variety  of  coll  tissue  cultures, 
no  CPE  was  observed.  Therefore,  we  contineud  our  studies 
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uiith  the  eim  to  find  tissue  culture  colls  uhich  uould 
give  a  clsar-cut  CPC. 

Stock  cultures  of  L  (mouse  embryo)  and  U  (human 
amnion)  cells  uero  grown  in  French  square  bottles  in  a 
medium  consisting  of  90  %  Eagle's  minimum  essential 
medium  (MEM)  made  up  with  Hank's  balanced  salt  solution 
and  10  %  calf  serum.  For  viral  inoculation  cells  were 
groun  in  tubes  and,  after  the  coll  sttoet  uas  complutoj.  . 
the  medium  uas  replaced  by  a  maintenance  medium  contai¬ 
ning  95  X-  Eagle's  medium  and  5  >  calf  serum. 

After  inoculation  fluids  were  changod  on  the  first 
and  on  tho  third  day.  On  the  fifth  day  tho  supornatent 
uas  inoculated  into  guinea  pigs  for  assossmont  of  virus 
roplication. 

The  results,  given  in  Tablo  2,  show  that  tho  virus 
did  not  multiply  in  L  cells.  By  contrast,  a  virus  repli¬ 
cation  in  U  ceils  could  bo  demonstrated  in  uhich  three 
virus  passages  uore  done.  Kouever,  the  virus  did  not 
produce  a  CPE, 

Recently  uo  came  across  tho  stable  ELF  (Human  embryo¬ 
nic  lung  fibroblasts)  cell  line  which  wo  also  tested.  The 
colls  wore  grown  in  Eagle's  medium  as  described  above 
using  10  %  fetal  bovine  serum  instead  of  calf  serumj  then, 
for  inoculation  purposes,  tho  cultures  were  maintained 
with  Eagle's  medium  supplemontod  with  10  %  coif  serum. 

After  infection  tho  tissue  culture  fluid  was  changed  daily. 

As  indicated  in  Tablo  2  in  those  colls  "Marburg 
virus"  produces  a  marked  CPE,  uhich  appears  about  the 
third  day  and  reaches  its  maximum  about  tho  fifth  day 
after  infoction.  CPE  begins  in  focal  areas  and  consists 
of  spindling  and  later  on  of  clumping  of  cells.  Finally 
the  foci  become  confluent  (soo  Fig.l  and  2).  It  mu.st  bo 
mentioned,  that  although  destructions  aro  extensive,  they 
are  never  complete  and  eventually  hoalthy  colls  may  grow 
in  and  repair  the  lesions  in  the  coll  sheet.  It  can 
further  be  seen  in  Tablo  2  that  tho  supojnatant  of  a  4-day 
infoctod  culture  had  a  titor  gf,.about  10  TCID  when 
tested  in  tho  cells  and  of  10  LO50  when  assayod  in 
guinea  pigs.  Thus  this  coll  culture  was  loss  sonsitivo  to 
the  virus  than  guinea  pigs.  Howovor,  the  virus  gives  a 
clear-cut  CPE  and  endpoints  are  roadily  detorminablu,  so 
that  this  coll  lino  can  bo  useful  for  further  studios  on 
tho  virus. 
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Summarv 

1.  coll8  did  not  allow  any  growth  of  ’’flarburg  ..virus" . 

U  colls  propagated  the  virus,  but  no  CPE  was  soon.  How- 
over,  in  Eir  colls  the  virus  replicated  and  a  clear-cut 
CPE  was  observed  which  will  be  useful  for  further  studios 
on  the  virus. 

(6)  Complement-fixino  antibodies  in  the  sera  of  natients 

with.  "Plarburo  virus"  di3.Qaso 

During  the  outbreak  of  hemorrhagic  fevor  wo  received 
oetum  samples  from  patients  who  wero  hospitalized  with 
the  disease  either  in  Warburg  or  in  Frankfurt.  This  gave 
us  the  opportunity  to  tost  tho  sora  in  the  complemont- 
flxation  (CF)  test. 

A  crudo  complement-fixing  antigen  of  "Warburg  virus" 
was  prepared  in  tho  following  mannorj  Infected  livers  of 
guinea  pigs  were  homogenized  and  suspended  1:10  in  veronal 
buffer  pH  7.3,  After  centrifugation,  tho  supernatant  fluid 
was  used  as  tho  antigen.  Attempts  to  make  handling  of  tho 
antigen  less  dangerous  by  adding  0.3  '/o  propriolaktono 
failed  because  the  preparation  become  inactive, 

CF  tests  wero  done  with  a  drop-typo  technique  pre¬ 
viously  described  (6).  Dilutions  of  tho  sera  from  1:4 
to  1:126  were  tested  against  dilutions  of  antigen  from 
1:8  to  1:64.  The  results,  which  arc  summarized  in  Table  3, 
show  that  antibodies  were  detectable  in  sora  oF  nine 
patients  who  had  overt  disease.  Complement-fixing  activi¬ 
ties  in  sera  appeared  in  the  socond  week  of  illness  and 
roachod  a  maximal  titer  of  1:62  -  1:64  in  tho  third  or 
fourth  week.  This  maximal  titer  seems  to  persist  for  only 
a  few  wooks,  because  in  two  sera  drawn  in  tho  rcconva- 
lescenco  (60^^-70^^  day  of  illnuss)  titers  already  dropped 
to  1/2  or  1/0  respectively  of  tho  initial  level. 

It  will  be  noted  that  tho  sera  of  throe  patients  wero 
negative  in  the  CF  test.  Those  persons  wore  at  first 
thought  to  have  "Warburg  virus"  disease  but  later  wero 
found  to  have  hod  different  illnesses.  The  results  pro¬ 
vide  conclusive  evidence  that  the  CF  test  can  bo  used  for 
diognosis  of  "Marburg  virus"d Jisoaso. 

Summary 

Sora  of  patients  with  "Warburg  virus"  disaaso  wore 
investigated  in  complomont- fixation  tost  using  a  crudo 
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CF-nntigon»  Antibodies  wore  dotoctoblo  in  sora  of  nine 
pationte,  imhile  three  other  pationts^  uho  later  uoro 
found  to  heuu  had  illnossos  other  than  florburg  hemorrhagic 
fowor,  had  no  antibodies.  Complomont-f ixing  activ/ities 
in  the  aero  of  patients  appeared  in  the  second  week  of 
illness  and  reached  a  maximum  in  the  third  or  fourth 
uuok. 


Table  1 

Content  of  interferon  in  baby  mouse  brain  after  infection 
with  “Rarburg  virus"  and  some  rhabdouirusos 


Virus 

Mouse  passage 

Days  p.i,  Titor  of  Inter¬ 

feron 

V3V 

2  (Vienna) 

2  1  s  40 

Cocal 

4  (Vienna) 

2  1  ;  00 

Hart . Park 

.  3  (Vienna) 

,5  . 1  :640 

Marburg 


1 

5 

a 

40 

1 

0 

a 

40 

1 

16 

a 

40 

5 

5 

<i 

40 

0 

5 

40 

10 


00 


Toblo  2 

Propagation  of  "Marburg  viruo"  in  throo  pennonont  coll 

linos 


Cello 

Groiiith 

medium 

Mointo- 

nonco 

modium 

Numbor 
of  pao- 
oQgos 

ftppoa- 
ranco 
of  CPE 

Titor 

yieldod  in 
tioouo  cul- 
turo  fluid 

L 

(Mouao 
embryo 
colls ) 

MEM 

10?u  CS 

MEM 

S%  CS 

1 

0 

0 

U 

MEM 

MEM  . 

.  .3 

0 

-  n.d. 

(Human 

amnion) 

lO)!!,  CS 

SJb  CS 

ELF 

.  MEM 

MEM 

4 

3rd-5th 

(Human 

embryo-' 

CS 

day  p*i> 

10°‘®  Q.p. 

nic 

fibro¬ 

blasts)' 

10',o  FBS 

MEM  =  Minimum  oasontiol  modium  (F.aglo) 

CS  =  Calf  oarum 

F0S  =  Fotol  bovine  sorum 

g,p.  =  Aosayod  in  guinea  pigs 

t..,eA  =,....AssayQ£i_  in  tissuo  rsulturoa.  - 

n.d,  =  Not  done 


-01- 
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Results  of  cofliploment-f ixation  t^eta  with  sera  from  patienta 
with  “Marburg  virus"  disoaao 


Patient 

Serum 

Day  of  ilineeo 

Titer 

eerum  /  Titer  antigen 

KL 

1 

4 

1 

:  0  /  16 

2 

9 

1 

!16  /  64 

3 

14 

1 

:64  /  64 

4 

20 

1 

:32  f/  64 

5 

21 

1 

:  32  >  /  64 

6 

20 

1 

;64  >•/  64 

HI 

1 

9 

0 

2 

12 

1 

:  4/16 

3 

17 

1 

:16/16 

4 

20 

1 

:32/64 

FLA 

1 

20 

1 

!64/32 

2 

23 

1 

t64/32 

3 

31 

1 

:64532 

HA 

1 

14 

1 

!  4/32 

2 

23 

1 

:04/ >  64 

3 

60  -  70 

1 

532/  ■  64 

MA 

1 

9 

1 

5  4/B 

2 

17 

1 

532/64 

3 

60  -  70 

1 

5  4/16 

GI 

1 

6 

1 

5  4/r> 

2 

14 

1 

:  32/64 

KR 

1 

23 

1 

564/  >  64 

MU 

1 

21 

1 

;32/32 

UL 

1 

20 

1 

564/ >  64 

FL 

1 

10 

0 

GO* 

1 

19 

0 

* 

LI 

1 

21 

0 

a  PobrilQ  illness  other  than  "Marburg  viriis"  disease 
0  =  1  :  4 
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In  1965,  un  oxpodition  to  Anntolia,  Turkey,  opon™ 
sored  by  the  Muaerum  of  Natural  History  In  Vionrvo,  uae 
carriod  out,  in  order  to  oolloct  animals  of  different 
groups.  Dr.A.RodcJa  took  part  in  this  travel  and  ho  was 
able  to  colloot  blood  camplea  from  21^  clomostic  and  free- 
living  animalei  those  eero  woro  tested  for  homagglutino- 
tlon-inhlhiting  antibodies  againot  oovotol  arbovirueeo* 

Hotoriol  and  Hothode 

Tho  aora  wore  troatod  with  acetono  and  teotod  in  a 
dilution  of  1  ;  10  egainat  0  units  of  ontigon,  Positivo 
oota  ware  further  diluted  in  two-fold  dllutiono. 

The  following  Gucroso-acatono  treated  antigono  woro 
UBodi  Sindbis,  Somliki,  Tick-borno  Encephalitio  (TBE), 
Uost-Nile  (WN),  Hurray  dalloy  tnoaphalitto  (MVE)  and 
Oonguo  11  (D  H).  In  addition,  positivo  sera  woro  partially 
taetad  or.  monolayer  L  colls  in  the  noutraliration  tost  (NT) 
with  methods  describod  olaowhore  in  thio  report  (see  page  2), 


Rosulto 

The  results  of  tho  eotological  survey  can  bs  soon  in 
Table  1.  Forty-nino  sera  from  cattle  deriving  from  ciif- 
farent  Uilayots  (Turkish  districts  or  eountios)  of  central 
and  oastorn  Anotolia  and  nino  sera  from  froe-living  mica, 
caught  in  the  wostorn  Anotolia,  showed  no  antibodies 
against  these  viruses.  From  05  sera  from  ehaep  deriving 
from  tho  surroundings  of  Ankara  (Numbsro  A  57-95  in 
Toblo  ?.),  il  oata  ohowGc!  antibodvos  ocainot  HUE  viruo. 

Nine  of  those  pocltivo  aero  woro  also  positivo  against  WN 
and  3  of  them  woro  positivo  against  0  II  virusoa.  Uut  of 
110  aora  (Numbers  H  Id  and  lOA  in  Tublo  2)  from  tlio 
sleughtor-housos  of  Antakya  (Vil  Hatny)  and  Iskoitdorun 
(Vll  Hotoy),  which  wore  obtained  mainly  from  shocp,  but 
also  from  sovoral  goats  and  oattlo,  3  showed  untibodioo 
against  HVF.  and  0  11,  two  ngainot  TOU  end  ono  againat  UIN, 
Two  othoro  woro  positivo  ogainot  Sindbis  virus.  Toblo  2 
lists  all  poaitivQ  sora  including  titoro  of  HI  antibodioo 
and  tho  results  of  tho  NT.  Tho  roaulta  of  the  Gorological 
survey  using  tho  Hl-toot  woro  furthur  prbvod  by  uso  of 
the  NT.  All  pooltivo  HI  ooro  inhibitod  CPE  of  cello 
exposed  to  the  eomn  viruo. 
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D'iaouaaibn' 

It  ie  of  great  interest  that  animals  from  different 
parts  of  Anatolia  shoued  antibodies  against  arboviruses 
of  the  groups  A  and  8. 

from  our  results  ue  assume  that  in  tho  surroundings 
of  Ankara  UN  virus,  or  an  agent  very  closely  related,  is 
active*  Positive  tests  with  MUE  and  D  II  antigens  are 
probably  due  to  cross  reactions  uith  these  group  B  viruses. 

In  the  Uilayet  Hatay,  which  is  situated  in  the  South¬ 
east  of  Anatolia  near  the  boundary  to  Syria,  the  activity 
of  tuo  arboviruses  -  one  of  group  A  and  one  of  group  3  - 
could  be  demonstrated.  From  the  results  obtained  uiith 
serum  number  41  it  seems  to  be  a  reasonable  assumption 
that  the  group  6  agent  is  TBE  virus.  The  results  of  the 
tests  of  serum  number  H  20  indicate  that  in  the  Hatay- 
Vilayet  another  group  of  B  virus  -  perhaps  Uest  Nile  virus 
may  be  active. 

Summary 

Sera  (214)  of  domostic  animals  and  free-living  mice 
from  Anatolia  were  tested  for  HI  antibodies  against  se¬ 
veral  arboviruses  (Sindbis,  Semliki,  TBE,  Uest  Nile,  i^VE, 
Dengue  II). 

From  those,  all  49  sera  of  cattle  and  all  9  sera  of 
mice  showed  no  antibodies  against  these  viruses.  From 
the  remaining  155  sera  (mainly  from  vsheep)  14  sera  showed 
antibodies  against  FIVE,  10  against  Uest  Nile  ,6  against 
Dengue  II,  2  against  TBE  and  Sindbis.  Some  sera  were 
positive  against  two  or  even  three  different  viruses. 
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Table  1 

Serological  survey  of  animal-sera  from  Turkey 


Number  of 

sera 

Animal 

species 

Descent 

district 

Number  of 

Hl-positiue 

sera 

49 

Cattle 

Central  and 

eastern 

Anatolia 

0 

45 

Sheep 

Surroundings 
of  Ankara 

11  MUE/9  lilN/ 

/3  D  II 

9 

nice 

Western 

Anatolia 

0 

60 

Sheept 

goats, 

cattle 

Antakya 
(Hatay ) 

3  nvE/s  D  11/ 
/  2  TBE/1  WN 

50 

Sheep, 

goats, 

cattle 

Iskenderun 

(Hatay) 

2  Sindbis 

68 


Table  2 

Results  of  HI  and  NT  with  animal-sera  from  Turkey 


blest  1 

Nile 

MWE 

D  II 

TBE 

Sindbis 

Semllkl 

HI 

NT 

HI 

HI 

HI  NT 

NT 

HI 

A 

57 

1  j20 

(  +  ) 

1:10 

H, 

61 

1:10 

(0 

1:10 

- 

- 

- 

- 

... 

-62 

- 

■uy 

--  I  MO 

. 

64 

1:40 

(0 

1:40 

1:10 

- 

- 

- 

65 

1:20 

(0 

1:20 

~ 

- 

- 

- 

73 

1:20 

(>) 

1:20 

1:10 

- 

- 

- 

77 

1:10 

(0 

1:10 

- 

- 

- 

- 

79 

1:10 

(0 

1:10 

- 

- 

- 

- 

90 

- 

(  +  ) 

IslO 

- 

- 

- 

93 

1:10 

(0 

1:10 

1:10 

- 

- 

95 

1:10 

(0 

1:10 

- 

- 

(-) 

~ 

H 

10 

- 

1:10 

1:20 

1:10  (+) 

- 

- 

20 

1:20 

1:20 

1:20 

-  (-) 

-- 

- 

41 

- 

1:20 

1:20 

l:150(-^) 

- 

42 

- 

(-) 

- 

- 

1 

;20 

(♦) 

- 

42 

104 


1:20  (+) 

1:20  (+) 
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t».>Jl»TR*CT 

Three  new  foci  of  TBE  virus  were  located  in  Upper  Austria,  Shrews  are  not  essential 
for  virus  cycle  in  Lower  Austria.  Survey  with  sera  of  game  shoved  that  TBE  foci  are 
scarcer  in  the  West  than  In  the  East  of  Lower  Austria.  HI  test  was  as  specific  but 
less  sensitive  than  the  NT,  Receptor-analogue  substances  for  TBE  virus  are  probab,ly 
Ca-  and  Mg-salts  of  polyphosphoinositides.  Different  strains  of  TBE  virus  induced 
the  same  level  of  interferon  in  babyniouse  brain.  Other  viruses  of  the  TBE  complex 
gave  slightly  higher  interferon  titers.  The  Interferon  Inducing  compound  Poly  I;C 
exhibited  excellent  protection  against  infection  with  TBE  virvis  in  mice.  Experiment¬ 
al  8t^ldies  showed  that  foxes,  polecats  and  weasels  can  act  as  host  of  TBE  virus.  The 
main  arthropod  and  vertebrate  hosts  of  Tahyna  and  Calovo  viruses  were  established. 
Neither  heterothermal  nor  polkilothermal  vertebrates  esn  maintain  the  virus  cycle  in 
winter.  Overwintering  of  Calovo  virus  in  Anopheles  maculipennis  is  conceivable, 
"Marburg  virus"  replicated  in  Aedes  aegyptl  but  failed  to  multiply  in  Anopheles 
maculipennis  and  in  Ixodes  rlclnus.  The  virus  did  not  Induce  fermation  of  interferon  ; 
in  brains  of  baby  mice  and  was  not  inhibited  by  Poly  I:C,  The  agent  produces  CPE  in 
ELF  cells,  CF  test  was  found  to  be  useful  for  diagnosis  of  "Marburg  virus"  disease,  j 
Animals  from  Anatolia  had  antibodies  against  arboviruses  of  groups  A  and  B,  j 
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